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PREFACE. 

Nearly nine years ago, I was invited, by the Managers 
of the London Institution, to take part in a series of courses 
of Educational Lectures ; which were intended to initiate 
young people in the elements of Physical Science. 

My course was to be the first of the series ; and I made 
use of the opportunity, thus afforded me, to put into 
practical shape the ideas, which I had long entertained 
and advocated, respecting the proper method of approach- 
ing the study of Nature. 

It appeared to me to be plainly dictated by common 
sense, that the teacher, who wishes to lead his pupil to 
form a clear mental picture of the order which pervades 
the multiform and endlessly shifting phenomena of nature, 
should commence with the familiar facts of the scholar's 
daily experience ; and that, from the firm ground of such 
experience, he should lead the beginner, step by step, to 
remoter objects and to the less readily comprehensible 
relations of things. In short, that the knowledge of the 
child should, of set purpose, be made to grow, m V\v^ 'Si^.m^ 



\ 



i that of the human race has spontaneous!' 
grown. 

I conceived that a vast amount of knowledge respectiii 
natural phenomena and their interdependence, and eve 
some practical experience of scientific method, could b 
conveyed, with all the precision of statement, which is whs 
distinguishes science from common information ; and, yei 
without overstepping the comprehension of learners wh 
possessed no further share of preliminary educational dii 
cipline, than that which falls to the lot of the boys and girl 
who pass through an ordinary primary school. And 
thought, that, if my plan could be properly carried out, : 
would not only yield results of value in themselves, bi 
would facilitate the subsequent entrance of the learners int 
the portals of the special sciences. 

1 undertook, therefore, to deliver twelve lectures, not o 
any particular branch of natural knowledge, but on natun 
phenomena in general ; and I borrowed the title of " Physi( 
graphy," which had already been long applied, in adifferei 
sense, to a department of mineralogy, for my subject 
inasmuch as I wished to draw a clear line of demarcarioj 
both as to matter and method, between it and what 
commonly understood by " Physical Geography," 

Many highly valuable compendia of Physical Geograph; 
for the use of scientific students of that subject, are extani 
but, in my judgment, most of the elementary works I hai 
seen, begin at the wrong end, and too often terminate in a 
omnium gaiherum of scraps of all sorts of undigested ar 
unconnected information; thereby entirely destro)'ing tl 
educational value of that study which Kant justly termf 
the " propcedeutic of natural knowledge." 
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I do not thmk that a descriptioii of the earth, which 
commences, by telling a child that it is an oblate spheroid, 
moving found the sun in an elliptical orbit; and ends, 
without giving him the slightest hint towards under- 
standing the ordnance map of his own county; or any 
suggestion as to the meaning of the phenomena offered by 
the brook which runs through his village, or the gravel pit 
whence the roads are mended ; is calculated either to interest 
or to instruct And the attempt to convey scientific con- 
ceptions, without the appeal to observation, which can alone 
give such conceptions firmness and reality, appears to me 
to be in direct antagonism to the fundamental principles 
of scientific education. 

" Physiography " has very little to do with this sort of 
" Physical Geography." My hearers were not troubled with 
much about latitudes and longitudes ; the heights of moun- 
tains, depths of seas ; or the geographical distribution of 
kangaroos and Composite, Neglecting such pieces of 
information — of the importance of which, in their proper 
places, I entertain no doubt — I endeavoured to give them, 
in very broad, but, I hope, accurate, outlines, a view of the 
" place in nature " of a particular district of England, the 
basin of the Thames ; and, to leave upon their minds the 
impression, that the muddy waters of our metropolitan river ; 
the hills between which it flows ; the breezes which blow over 
it ; are not isolated phenomena, to be taken as understood 
because they are familiar. On the contrary, I endeavoured 
to show that the application of the plainest and simplest 
processes of reasoning to any one of these phenomena, 
suflices to show, lying behind it, a cause, which again suggests 
another ; until, step by step, the conviction dawxis m^oxv \)s\^ 
learner rfw^ to attain to even an elemenlaiy coIvce'^^axya. 
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of what goes on in his parish, he must know something 
about the universe ; that the pebble he kicks aside would 
not be what it is and where it is, unless a particuJar cliaptd 
of the earth's history, finished untold ages ago, had beeii 
exactly what it was. 

It was necessary to illustrate my method by a concreC 
case ; and, as a Londoner addressing Londoners, I selecto 
the Thames, and its basin, for my text. But any intelligenl 
teacher will have no difficulty in making use of the i 
and river basin of the district, in which his own school i 
situated, for the same purpose. 



The lectures on Physi 
London Institution in i 
South Kensington, in 187' 
on the former occasion, a 



)graphy were delivered ai 
I69 ; and I repeated them, at 
. Verbatim reports were taken 
it was my intention to publish 



the course. But I am sorry to say that, in this, as in oth^. 
cases, I have found a great gulf fixed between intentiQBi 
to publish and its realization. 

Seeing a book through the press is a laborious and time-' 
wasting affair ; greatly aggravated, in cases such as the 
present, by the necessity of superintending the execution of 
maps and figures. And, as I never could muster up the 
courage, or find tlie time, to undertake the business, the 
manuscript remained untouched until last year, 

I then had the good fortune to be able to obtain the 
services of my friend Mr. Rudler, with whose extensive^ 
knowledge of various branches of physical science, I was 
well acquainted ; and, in whose conscientious accuracy^ 
as an editor, I knew I could place implicit confidence. 

In preparing the substance of the lectures for the press, 
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Mr. Rudler has entirely fulfilled my expectations, and has 
made many valuable suggestions and addition^. I have 
entirely re-written such parts of the work as I thought I 
could improve; I have added to others; and I have 
carefully revised the proofs of every chapter. 

I trust therefore that the book maybe useful to both learners 
and teachers; but, I am most concerned, that the latter 
should find in it the ground- work of an introduction to the 
study of nature, on which their practical experience will 
enable them to erect a far better superstructure than that 
which I have been able to raise. 

T. H. H. 

London, 

November, 1877. 
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PREFACE TO THE THIRD EDITION. 

The large demand for this work for educational purpose 
during the last three years, has suggested the issue < 
a new and cheaper edition, which has been careful 
revised. 

I beg leave to offer my thanks to various corresponden 
who have called my attention to errors of the press, < 
ambiguities of expression in the former editions. 



T. H. H. 



London, 
June^ 1880. 
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S spot in the world is better known than London, and nd" 
1 London is better known than London Bridge. Let 

* reader suppose that he is standing upon this bridge, and, 
s of the passing stream of traffic, looks down upon 
the river as it runs below. It matters little on which side of 
the bridge he may chance to stand ; whether he look up 
the river or down the river, above bridge or below bridge. 
In either case he will find himself in the presence of a 
noble stream measuring, when broadest, nearly a sixth of 
1 mile from bank to bank. The quantity of water under 
I/)ndon Bridge varies considerably, however, at different 
seasons, and even at different hours on the same day. When 
the water is highest, the greatest depth is about thirty 
feet and the width 800 feet ; when the water is lowest, the 
greatest depth is something like twelve feet and the width 
only 650 feet. This varialion in the volume of water shows 
that the river is not at rest, an<l that its surface is, in fact, 
alternately rising and falling. Moreover, apart from the local 
agitation due to traffic, apart too from the surface ripples 



raised by the passing breeze, the wliole body of water : 
in a constant state of motion. At one time in the day th 
water sweeps down below bridge in the direction of Greei 
wich and far onwards to the Nore ; after this movemei 
has been continued for some hours, it gradually slacken 
and the water comes almost to a stand-still; then the motio 
begins afresh, but its direction is reversed, the water flowin 
this time towards Westminster and far away up the rivei 
but, after a while, this motion slowly subsides, and is followe 
once more by renewed movement in a contrary direction. 

Every one knows that this regular back ward -aud-forwai 
movement of the great mass of water is due to tid 
action. For about seven hours, during ebb-tide, the water i 
the Thames runs down towards the sea ; and for about fii 
hours, &^rm^ flood-tide, the movement takes place in tl 
opposite diiection, the water being then driven up tl 
river. At the end of tlie ebb-tide the river is shallowes 
at the end of the flood tide it is deepest. The water 
London Bridge is consequently twice in every four-an 
twenty hours at its highest and twice at its lowest level. 

As we go up the river, we find the effect of the tii 
gradually diminishing, until at length it ceases to be fe 
In point of fact, the tidal movement has no influen 
beyond Teddington Weir, some nineteen miles abo 
London Bridge. The very name Teddinglon is indeed sa 
to be a corruption of "Tide-end-ton," the town whe 
the tide ends. Up to Teddington, then, the Thames 
a tidal river, the water rising, and falling, and movir 
first in one direction and then contrariwise, at defin 
intervals. The flood tide occupies about two hours 
coming up from the Nore to London, a distance of abc 
40 miles; that is to say, it is high water at London Brid 
two hours later than at the Nore. Then it takes two hoi 




THE THAMES. 

e for the gradual rise of the water to its highest leve!, 
ft travel onwards from London to Teddington, though the 
distance between these two points is less than twenty miles. 
The rise of the level of the surface of the Thames, which 
thus passes with great rapidity from tlie Nore towards 
Teddington, is accompanied by a much slower general 
motion of the water in the same direction, which con- 
stitutes the upward current of the tide; while a downward 
current in the opposite direction attends the fall of the 
water during the ebb. 

Floating bodies are therefore carried towards Teddington, 
^uring the flood, and towards the Nore, during the ebb. 
i almost needless to add that this tidal action is of 
service to the port of London, since barges, lighters, 
S other boats are thus enabled at certain periods of the 
I float up or down the river with little or no 
R)enditure of power on the part of the boatmen. 
Above Teddington Weir the motion of the river is 
lally different from that which is observed at London 
There is no alternate back ward -and -forward motion, 
\ regular rise and fall of the water, but the river flows 
Is in one constant direction, always running down 
s London. Careful observations at Teddington have 
b>wn that, with the water at ordinary summer-level, about 
IP million gallons ' flow over the weir every four-and- twenty 
This vast volume of water is swept down past 
)ndon, and ultimately carried out to sea. As the ebb- 
s for about seven hours, whilst the flood lasts only 
', it is clear that much more water runs down than flows 
; and it is in this way that the vast volume of water 
it down from above Teddington drains away seawards. 
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In seeking the origin of tlie water thus brought dow 
by the Thames, it is necessary to trace the river to wh( 
is commonly called its " source." On ascending, it is ol 
served that the river grows smaller, the volume of wah 
becoming less and less. Thus, at Tedclinglon, the Thamt 
is only 250 feot wide at high water, whilst its width i 
London Bridge is about Soo feet. Following the mar 
windings of the river past Windsor, Reading, and Osfori 
we observe the stream still growing more narrow an 
more shallow, until at Lechlade, in Glf>ucestershire, ii| 
miles from London, the Thames ceases to be navigabl 
At Lechlade the quantity of water running down the rivi 
has been roughly estimated at something like a hundre 
million gallons per day, or only about one-fourth tl 
quantity flowing over Teddington Weir. The main strea 
splits up at Lechlade into a number of smaller stream 
forming the " head-waters " of the river, and it is by t 
means easy to say which of these streams should 1 
followed up in seeking the true source of tlie Thame 
Nor does it much matter, for the origin of any one 
them is much the same as the origin of any of the othei 
It is usual, however, to single out one of these sCrearr 
which takes its rise in a spring near Cirencester, about i; 
miles from London Bridge, and is dignified with the nan 
of Thames Head, 

Although the spring at Thames Head is thus popttlai 
called the "source" of the river, it should be remei 
bered that the quantity of water delivered by tl 
spring is quite insignificant when compared with th 
derived from the numerous streams which flow into t 
Thames at various points along its course. Eve 
tributary helps to swell the bulk of the river by d 
ch^ging its water into the main stream ; yet it does n 
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follow that the river is necessarily increased in width by 
the influx of this water, for it often happens that the 
additional supply is carried off by increased rapidity of 
flow. As the Thames rolls along, it receives a number 
of these feeders, or affiiimts,^ which empty themselves 
;iato the river, some on one side and some on the other. 

It is obviously convenient to have some ready means of 
distinguishing the two banks of a river. For this purpose, 
geographers have agreed to call that bank which lies upon 
your right side as you go down towards the sea the right 
bank, and to call the opposite side l!ie left bank. All that 
you have to do then, in order to distinguish the two sides, 
is to stand so that your face is in the direction of the 
mouth of the rivsr, and your back consequently towards 
its source, when the right bank will be upon your right 
1 and the left bank upon your left hand. At Graves- 
, for example, the right bank Is that which forms the 
,tish shore, while the left bank is on the Essex side. With 
■ence therefore to tlie rivers tributary to (he Tliames, it is 
that the Churn, the Colne, the Leach, the Windrush, 
Evenlode, the Cherwell, the Thame, the Coin, the 
nt, and the Lea emjjty themselves into the Thames 
the left bank; and the Rey, the Cole, the Ock, the 
innet, the Loddon, the Wey, the Mole, and the Darent, 
into the river on its right bank. The relative 
ins of these affluents, and their relation to the 
imes, may be seen in the map given in Plate I. 
If a person in a balloon passed at a great height over any 

Jv*^ft<n((, from the Latin arf and /iw, "to flow." Thcjnnclion of an 
it with the main stream is termed the conjluaiee, or place where 
r together." Thus, the town of Coblenz takes its name 
1 the Latin form CanJlueiiUs, in allosion Ij its pjsition at the 
n of the Moselle and the Rhine. 
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part of the earth's surface, and sketched in outline what i 
saw directly below, his sketch on a flat surface like th 
page would be called a fiiap. When the portion of counti 
thus deliaeated is but small, the sketch is generally termc 
a plan ; and if the area depicted consist chiefly of wat. 
instead of land, it is called a chart. Hence we common 
speak of the plan of an estate, the map of a country, tl 
chart of an ocean. A map of the Thames, then, is simp 
ail outline- sketch of the river and neighbouring portion i 
the earth's surface, as would be seen from a balloon pas 
ing at a great height directly over the country. It is tl 
common practice to draw maps in such a position that tl 
north is towards the top, and the south towards the botton 
while the east hes on the right hand of the person wl 
looks at the map, and the west lies on his left hand. I 
simply looking then at the map, forming Plate L, it 
seen at once that the Thames, though taking — like mo 
rivers — an irregular course, winding first in one directi( 
and then in another, nevertheless has, on the whole, a we; 
and-east course ; it flows, in short, from the west towari 
the east. At the same time it is seen that the left shore 
the river is its northern bank, and the right shore its southe 
bank. It is clear, too, that the tributaries on the left 
north side flow generally from north to south, whilst tho 
on the riglit or south side run generally from south 

These terms — north and south, east and west — arc lerr 
which have a meaning quite independent of local circui 
stances, and indicate definite directions which can 1 
determined in any part of the world and at all tim« 
When, in the early ixirt of this chapter, we used the lot 
expressions " up the river " and "down the river," " abo 
tgjdge " and " below bridge," it was assumed that the read 



s familiar witii the Thames, But to a perfect stranger, 
; who had never seen the river and knew nothing of 
London Bridge, such a method of description would be 
unintelligible. By employing, however, the terms north 
and south, east and west, we are using expressions that 
are familiar to all educated people, since they refer to 
standards of direction universally recognised. It is de- 
sirable to e>:plain how these cardinal points may be 
be determined, 

Of the four points, the south is perhaps the roost easily 
found, at least on a sunshiny day. Every morning the sun 
appears to rise slowly in the sky, and mounts to its greatest 
height at noon. At the instant of reaching its greatest 
height, or in other words at exact noon, the sun is pre- 
cisely in the south. If, then, you place yourself in such 
a position as to have the sun shining full in your face 
at that particular time, you must be facing south ; and 
you will consequently have your back to the north, your 
right hand towards the west, and your left towards the 

As true noon does not always coincide with 12 o'clock, 
as indicated by an ordinary timekeeper, it is necessary to 
explain how it may be determined. Thrust a stick verti- 
cally into the ground, and observe, at dilferent hours of the 
day, the length and direction of its shadow cast by the sun. 
When the sun is rising in the sky, the shadow is thrown 
towards the west ; and when the sun is going down, it is 
thrown towards the east; at noon, however, it inclines 
neither to the east nor to the west, but falls exactly in a 
north- and -south line; and, moreover, the shadow is then 
shorter than at any other time, if, therefore, you observe 
when the shadow is shortest, that time will be exactly noon. 
The line indicated by the shadow at noon is known as the 
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line or mid-day line. That end of the shadow-1 
.which is towards the sun points to the south, and the opj 
site end to tlie north. If then a line be drawn anywh 
at right angles across the shadow, the right-hand end of ■ 

le, as you look to the south, points towards ■ 

id the left hand towards the east. 




It is not easy, however, by merely looking at the shade 
to say when it is exactly reduced to its shortest length, 
is well, therefore, lo observe the shadow at some time 
the forenoon and mark its length — say by sticking a r 
in the ground, and then, in the afternoon, to observe t 
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idow agam, when it has reached exactly the same length. 
The afternoon shadow will then be just as much on one 
side of the meridian line as the forenoon shadow was on the 
other side. The mid-day line, or line which runs due north 
and south, will therefore be exactly lialf-way between (he 
two shadows. 

But it is by no means necessary to have daylight in order 
to discover the direction of the cardinal points. If you 
jook up into the heavens on a clear starry night, you will 
have no difficulty, in this part of the world, in finding that 
curious group of seven bright stars known as Charles's 
H^w, forming part of the Great Bear (Fig. i). A line drawn 
through two of these stars (;S, a) will, if prolonged to about 
five times its length, pass very close to the famous Pole-star} 
On a clear night, all the groups of stars appear to move 
slowly round a certain motionless point in the sky, which in 
the north pole of the heavens. That point ol cne earth 
which is directly opposite the celestial north pole is the 
north pole of the earth. If the explorers in the Aitrt 
and Discovery could have reached the north pole, they 
would have found the pole-star almost directly overhead. 

' It U the pr3.ctLce of aslronomets to distinguish the several Etars of 
a particular gronp, or conslellatian, by meana of Greek ielters. Thus 
Lhe two slars in the Great Bear, known as the Feinlirs, since a Jine 
i fining ihem points towards the pole-star, are distinguished in Fig. i by 
the letters a and p. The first of these ^ta^s would be technically 
described as a Unit Majatii, or the alpha star of the Great Bear. 
This constellation contains several stars of which only seven conspicuous 
ones are represented in the figare. The pole-star, known also as 
Polaris, is the brightest of a group called the Little Bear, and is con- 
feqnently de'cribed as a Vrsn Minoris. The word " pole," which, 
in common English, signifies a long straight stick, is used in astronomy 
and geography in the sense of the Greek hiJaoi (pahs), a pivot on which 
everything turn". The heavens appear to turn round the north poli: 
•A if it were a [hvoL 



It must be remembered, however, that the pole-star is ii> 
exactly at the north pole of the heavens, although very nei 
to it. By observing the position of the pole-star, the nor 
can be determined on a clear night as readily as the sou 
may be detennined by the sun at noon. 

If, however, the sun is beclouded, so that the heaven 
bodies are not visible, there is yet another easy means 
finditig the direction of the cardinal points. Let a thin b 
of steel, or even a needle, be nicely balanced upon a pivi 
or suspended by a thread, or floated upon a cork in wat) 
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SO that it can turn freely in all directions jiorizontally ; 
will be found that the bar may be brought to rest in a 
desired position. If, however, the bar be rubbed with 
magnet, a peculiar change is wrought in the steel, and 
then no longer exhibits this indifference to direction, b 
when left free, always takes up a definite position, one e 
jjointing in a northerly and the other in a southerly din 
tion. This property is taken advantage of in constructi 
the mariner's compass. About two hundred and twei 
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years ago the compass pointed exactly north and south in 
London; but from the year 1660, or thereabouts, the end 
which tends northwards, and is therefore commonly called 
the north pole of the needle, began to turn a little to the 
west ; this variation from true north continued until the 
year 1818, when it reached its greatest divergence, and 
since that time it has been steadily creeping back. The 
divergence of the position of the magnetic needle from 
the true north-and-south line is called its dedination, or, 
by nautical men, its variation. In 1818 the declination 
amounted to nearly 25°, and in the present year (1877) it 
is 19" 3' in London; that is to say, the end or pole of 
ihe needle which turns in a northerly direction, instead of 
pointing due northj points 19° 3' to the west of true 
north. This declination is shown in Fig. 2, Knowing 
the amount of declination, it is easy to make the proper 
allowance and thus find the true points of the compass. 
By means of the compass the direction of the river in all 
its windings may be traced, and the course of the mean- 
dering stream laid down upon a map, as has been done, 
for example, in Plate 1. 

This map, hov/ever, does something more than show 
simply the direction of the Thames and its tributaries ; it 
gives us, in addition, some notion of tlieir length. A map, 
as we have seen, is a kind of picture, and the sijie of this 
picture must bear a certain relation to the size of the object 
represented. This relation or proportion is called the 
scale of the map. If a map is said to have a scale of one 
inch to the mile, it is simply meant that a mile measured 
along the ground is represented by an inch measured on 
the map ; or a square mile of country is represented by a 
square inch on the map, and so on. Most of the wonderfully 
accurate maps of the Ordnance Survey are constructed on 
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this scale of one inch to the mile. In otber words, ia the 
map of a. given district, the distance between any two points 
's ira^sc"^ '^^ ^^^ actual distance, since there are 63,360 
inches in one statute mile. The fraction which denotes the 
ratio of the two distances is sometimes termed the re/re. 
tative fraction. A map of the Thames 011 the one-inch scale 
would extend to a length of about 120 inches, since 




greatest width of the basin of the river from east to we 
about 120 miles. Maps on a scale even much greater than 
this are occasionally constructed. The Ordnance Survey, 
for example, issues county maps on a scale of six inches to 
a mile, the representative fraction being here y ^jg^ . 
it is evident, from the size of a page of this bools, that 
our map must be on a very much smaller scale ; in 
a mile of ground is represented there by the fourteenth part 
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In most maps, except those on an extremely small scale, 
an attempt is made to show something of the general 
features of the ground, especially whether the country is 
hilly or not. This is commonly eff.:ctcd by a system of 
hill-shading, such as that represented in Fig. 3.' If the 
i^Dund is stf ep, the lines, or kachures, ara drawn thick and 
close together, so that the hilly spots become dark; if the 
ground is tolerably level, the lines are thinner and farther 
apart, and the general appearance of the map is conse- 
quently lighter. Such a system of shading, however effec- 
tive by its combination of light and shade, shows in most 
cases merely that one r>art of the country is higher or 
lower than another, without enabling us to judge how 
much higher or how much lower. But in very accurate 
maps, such as those employed for military purposes, a 
definite scale of shade is often used. The same object 
may, however, be attained by an entirely different system, 
such as that used in the map of the Thames forming 
Plate I. 

It will be observed that, instead of hill-shading, a number 
of curved lines have been traced over the map, giving it a 
peculiar character. These curves are called contour -lines, 
and their meaning is extremely simple. Suppose the valley 
of the Thames were flooded with water, and that this water 
could be dammed in or prevented from escaping, by a 
wall built across the mouth of the valley. If sufficient 
water covered the ground to stand 100 feet above the 
of Che sea, the surface of the water would form a 

' This figuro is copied from part of sheet 59 of the one-inch Ordnance 
map of England and Wales, anti shows the physical characters of a 
dislriel in Norlh Wales. The portion of the map here C3pie3 is a 
iqoare measnring two inches along each side, so that the total area 
Toprestnled in Fig. 3 amonnts to four square miJas. 
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plane, and its margin would trace a line, winding round 
every hill and up every valley, at a height of exactly i 
Such a line has been traced on our map, and being the first 
of the series of curves, it is numbered r. This is consi 
quently the \oo-feet contour-Unt. The second line. No. ; 
is drawn at a height of aoo feet above the sea-level, and 
therefore represents the margin of a body of water standing 
in the Thames Valley 200 feet above the sea. In like 
manner a succession of these contour-lines heis been drawn. 




each at a distance of 100 feet from the next one below, ju* 
as though the flood had risen in the valiey and stopped at 
every 100 feet to leave its mark around its margin. I 
evident that a system of such lines conveys a far better 
notion of the character of the ground than can be obtained 
from ordinary hill-shading. Where the ground is very steep, 
the contourlines run close together; where very flat, they 
stand far apart. The relation between the contourlines and 
the form of the ground is clearly shown in Fig. 4. In the 
upper part of this figure, a hill is represented by contour- 



IS 

ines ; and supposing tliis hi)l were cut through, along the 
line A B, it woQld give such an outline as that drawn in 
the lower part of the figure, the corresponding points in 
the plan and the section being connected by broken lines. 

Inspection of the map in Plate J. shows, as might have 

been expected, that the river there represented flows 

from high ground to low ground. In fact, if the reader 

were to travel up the Tliames, by walking along its banks, 

he would find himself continually going up-hill. Between 

Thames Head and London Bridge, a distance of about 

170 miles, as measured along the winding course of the 

river, there is a difference of level of 370 feet. We 

have seen that the head of the navigation is at Lechlade, 

about 146 miles from London; between Lechlade and 

London the river has a total fall of about 250 feet ; and as 

(the descent is tolerably uniform, it may be taken at an 

Average of 21 inches per mile. At Teddington, where the 

r ceases to be tidal, the ordinary summer-level of low 

;r is i6j feet above low-water level at London Bridge ; 

fad the fall of the bed of the river below Teddington is 

Ifcarly a foot in every mile. The rapidity with which a river 

lows will of course depend apon the amount of slope in 

^s bed ; where the fall is great, the stream is rapid ; where 

all, the stream is slow. The bed of the Thames, for- 

lately, is tolerably uniform in its descent, so that the 

s free from rapids. 
What has been said of the Thames is equally true of any 
one of its tributary streams; the source is always higher 
ihan the mouth. It is seen from the contour-lines on the 
map that, if we travel along any of the little rivers which 
open into the Thames upon its left bank, we go up-hill in 
passing from south to north ; if we travel along any of the 
streams on the opposite side of the river, we go up-hill in 



passing southwards. As a consequence of 
all this, it follows that the tract of country 
drained by the Tliames and its tributaries 

3 must be bounded on at least three sides— 

1 the west, the north, and the south — by com- 

5 paratively iiigh ground. It thus forms a 

I shallow depression, with an outlet to the 

i east through which the river flows out to 

1 sea. Such a depression is known as a 

2 river-hasin, and the country through which 
I the Thames and its tributaries How is conse- 
> quenlly called the Thames basin ; while the 
Tj deepest part of the basin, that in which the 
i main stream flows, is termed the Thames 
_g Valley. The basin of the Thames, depicted 
"% in Plate I., includes a very large tract, ex- 
I tending over 6,i 6o square miles; the Thanies, 
I in fact, drains more than one-seventh of all 
!> England. 

J Perhaps the term "basin," just used, iff 

"g one which is likely to mislead unless properly 

I qualified. It is true that, if you go north 

I from any part of the valley of the Thames, 

^ you find yourself sooner or later travelling 

J up-hill, and therefore reach higher ground 

I than that through which the river flows ; if 

" you travel southwards, you do the same thing ; 

■g while towards the west, the assent is not less 

^ marked. The river then really does occupy 

■^ a hollow, inclosed on three sides by high 

^ ground. But it must be borne in mind that 
this hollow is nothing fike the deep hollow 
associated widi our ordinary notion of a 



it is, in fact, so slight a depression that it would 
Kperhaps be better to speak of the "dish "of the Thames 
rather than of its " basin." In Fig, s the undulating line 
indicates the general contour of the surface of the country 
along a north- and-south line drawn across the basin of the 
Thames, from the Chiltern Hills on the north, to the North 
Downs on the south. The very gentle curvatures of this 
line show the extreme shallowness of the so-called basin ; 
and also show the inegularities in the form of the ground. 
Although the opposite north and south hills may attain to 
a height of several hundred feet above the river, yet the 
distance between them is so great, amounting to some fifty 
or sixty mites, that the rise from the river to their summits 
would be almost inappreciable in a diagram brought wiihin 
the limits of this page. Hence it is a common practice in 
constructing such diagrams to draw the heights to a scale 
many times greater than that used for the lengths. This has, 
in fact, been done in Fig. 5, where the vertical is as much as 
twelve times greater than the horizontal scale. Without such 
exaggeration, the surface of the country would appear in 
a small diagram to be almost flat ; and even with it, the 
extreme shallowness of the Thames basin is strikingly ap- 
parent. There is clearly no liarm in the practice of drawing 
diagrams on this principle, provided that the exaggeration 
of one dimension is always acknowledged by the draughts- 
man, and borne in mind by the reader. Great misconception, 
however, constantly arises from mistaking these intentionally 
distorted diagrams for true figures. 

To the north-west of London, the margin of tlie Thames 
basin is formed, in part, by a line of low hills called the 
Chiltern Hills ; and, on the south of London, there is an- 
other series known as the North Downs ; while, if we go far 
"enough to the west in the Thames basin, we come to a still 
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higher country forming the Cotteswold Hills in Gloucester- 
shire. Suppose the reader were to ascend one of these 
ranges of hills, say the Cotteswolds, on the west. As h« 
went up, he would meet with many little streams which ait 
flowing down to feed the affluents of the Thames. Bui 
having reached the summit, and walked on in the same 
direction, he would soon begin to go down-hill, and thei 
meet fresh streams running in an opposite direction t( 
those he had left. These new streams cannot possibly lioi 
into the Thames, for to do that tlie water would have to rui 
up-hill. By following these streams, however, he would lint 
that they ultimately flow into a river entirely distinct fron 
the Tliames ; thus, on the other side of the Cotteswolds, th 
streams lind their way, sooner or later, into the Severn. Oi 
crossing these hills, then, we have passed from the basin c 
the Thames into that of the Severn. The high land whic' 
- forms the divisional line between two contiguous river-basin 
is called the water-parting. 

Instead of "water-parting," some writers employ th 
term watershed ; but although the two words originall 
meant precisely the same thing, the latter has becoco 
rather ambiguous. " Watershed " is a word which has bee 
borrowed from German geographers. The verb scheidt 
signifies " to separate," and die Wasserscheide is simply th 
" water-separation " or the " parting of the waters " — the ol 
Divortium agiiarum. But many writers, looking at th 
common meaning of the English verb "to shed" hau 
used the term " watershed " to denote the surface fro) 
which the waters are shed, or the slope along which the 
flow ; hence it is not uncommon to hear such expressioi 
as " the crest of the watershed." To avoid this double ui 
of the word "watershed," the term "water-parting" hi 
been introduced as the English equivalent of the Gemu 
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Wasserscheide, or the boundary-line between two adjacent 
river-systems. Such a line was called by Professor Phillips 
" the sumrnit of drainage " ; and in the north of England, 
where it often separates one estate from another, it is known 
as " the heaven-water boundary." To avoid all ambiguity, 
it is perhaps best to set aside the original meaning of 
"watershed," and employ the term to denote the slope 
along which the water flows, while the expression "water- 
parting " is employed for the summit of this slope. Thus 
ihe ridge of a roof is the water-parting ; and the slates or 
tiles on each side, down which the w.iter drains, will form 
ihe watershed. It must be remembered, however, that the 
water-parting Is not necessarily the summit of a range of 
hills, like the ridge of a roof. Frequently, indeed, the 
ground is only relatively high ; but the water easily finds 
the slope, however small, and runs down it, thus showing at 
once the direction of the water-parting. 

A little consideration will show that water-partings may 
be drawn on a map of any country, so as to divide the 
entire region into a series of river-basins. Plate II. is a 
map of Great Britain and Ireland thus completely divided 
into river-basins, separated one from another by water- 
partings, which are indicated by dotted lines. All the 
rivers which empty themselves into the sea on the eastern 
side of Britain may, in this way, be separated from those 
which run into the western seas, and both systems may be 
separated from the southern rivers which open into the 
English Channel : the northern drainage is insignificant. 
We thus obtain the general water-parting of Great Britain, 
distinguished in the map by a line of red dots. This is a 
line running from near John-o'-Groai's House, 
through Scotland and the north of England, down the Peak 
\ 6f Derbyshire and through the Midland counties, till it gets 



PHYSIOGRAPHY. 



[chap. 



as far south as Salisbury Plain. Such a line divides tt 
western drainage of the country from its eastern drainagi 
At Salisbury Plain the line splits into two branches, or 
stretching to the east coast and terminating soniewhe^ 
about Dover, the other striking to the west const and te 
minating at the Land's End. To the south of this gre. 
east-and-west line, all the rivers flow into the Englif 
Channel. This three -branched line consequently represen 
the main water-parting of the country ; it is in fact tl 
general high-level line of Britain, though it has no dire 
relation to the mountain -systems of the country. The ma 
water-partings of Ireland are also indicated on the map, tl 
rivers being grouped in four great systems, which drain to tl 
north, south, east, and west. 

We shall restrict our attention, for tlie present, to one 
these river-basins of England^ — the basin of the Thames- 
and endeavour to extract from its study as much instructii 
as possible. In several of the succeeding chapters we sh; 
therefore inquire how this basin is fed with water, by wb 
means it has received its present shape, and what has be 
its history in the past. Even the first question — how t 
basin is fed^suggests prolific material for study. It is ti 
we have, in the present chapter, traced the Thames to 
head-waters, but it must not for a moment be supposed tl 
by doing this we have yet reached its real origin. 1 
streams and springs from which a river is popularly s; 
to take its rise are iti truth only its proximate sources, a 
theultimatesourceis to be sought elsewhere. In seeking tl 
source, the inquiry may fitly be commenced by examin 
more closely into the nature and origin of springs. 
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CHAPTER II. 



LRK what happens when a heavy shower of rain faUs upon 

if ground. If the ground be formed of hard and solid 

i, such as granite, the rain, after wetting the surface, runs 

1 all directions ; some finding its way to the nearest 

mlet, whence it flows sooner or later into a river, and 

e finding lodgment in little hollows of the rock, where 

Mllects in pools which are slowly dried up by wind and 

pshine. But if the ground, insiead of being hard like 

soft and porous like sand or chalk, the water 

B then sink into its substance, and may even pass out of 

fct before the surface of the tliirsty soil is thoroughly 

d. Rocks which thus allow water to filter througb 

are said to be permealk, while those whidi refuse to 

the water to soak in are said to be impermeable: 

1 of sand, for example, is permeable; a bed of clay 

permeable. 

t is by no means necesssary, however, that a rock, in 

r to be porous and permeable, should be either soft 

, or loose like sand. Take for instance a sand- 

a hard limestone : these rocks are sufficiently 

rent to form durable building stones, yet porous enough. 
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in must cases, to allow water to drain more or less free 
through them. The particles of which the rock is made i 
are themselves impermeable, but they are so built together th 
little spaces, or interstices, are generally left between t 
individual particles, and the result is the formation of 
rock which, hard as it may be, presents a texture appro, 
mately like tliat of a sponge. The water trickles betwe 
the particles of such a rock, and thus gradually soa 
through its mass. Close in grain as the rock may appe 
to the eye, it is nevertheless capable, in most cases, 
absoibing water; and, hence, stone when freshly taken frc 
the quarry usually holds moisture, known to the workm 
as " quarry water." Even when a rock otfers too close 
texture to admit moisture freely, it commonly happens tl 
it is more or less fissured ; and the water which falls up 
the rock then dribbles through the hltle cracks, and th 
gains ready access to subterranean channels, much in t 
same way as it would if the tock were of open texture. 

After a good deal of rain has fallen upon a porous roi 
its pores become choked with water, and the rock at L 
gets saturated, like a piece of sugar which has been dipp 
for a few moments into a cup of tea. If more rain ni 
fall upon the rock, it can no longer be sucked in a 
retained, but will flow off the damp surface, just as it woi 
from the surface of an impermeable rock. 

Suppose a layer of a porous substance to rest upon a b 
of comparatively impervious rock, and it is easy enough 
see what, under such circumstances, will become of the r; 
which falls upon the surface. Let Fig. 6 illustrate sue] 
case. Here the dotted part of the figure A B C D, rep 
gents a permeable rock, say beds of sand, whilst the lov 
shaded portion, C D E F, indicates an impermeable roi 
say a stiff clay. It is supposed, in a figure such as this, tl 
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the rocks in question have been cut through so as to expose 
clean-cut surfaces, and hence such diagrams, which are 
istantly used in writings on the structure of the earth, 
termed saiions Natural sections are freqiientlv exposed 
beds, sea cliffs and inland vallejs, i\hilst artificial 
are seen in wells and shafts, in mines and quarries, 
and especially in railway cuttings A good general notion 
of the character of the rocks forming a given country may 







k£n be gained, dunng a railway journey, by observmg the 
ttings aloog the line ' 
■ Some good gecplogical sections may be seen in railway cuttuiES in 
'. neighbourlioud of Londoti. lliu', m travelling by the North 
istem Knilnay to Watford the passenger may observe the London 
day; and, further on, the Lower London Tertiaries overlying the 
chalk. On the Creat Western Kailw ay the route to Maidenhead passes 
over the brick earlh and gravel which overlie the London Clay, and, at 
Windsor, the chalk is exposed, but not on the railway. To the south 
of London, some eood sections may be seen in the cuttings on the North 
Kent Railway in the neighbourhood of Lewlsham and Charlton, where 
e sandy deposits, known as the Thanet Sajids, are exposed, A 
y to Reigale, on the Brighton line, carries the passenger over the 
m clay, the chalk, and the beds below the chalk known as 
aand. Foe other sections see Whitalcer's Gaide ta the Geology sj 
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It is clear that when rain falls upon the surface A B, i 
will be readily absorbed, at least if the sandy rock be dt] 
and will gradually sink lower and lower until it reaches th 
bottom of the upper bed C D. Here it comes in contat 
with the surface of the clay, and, as the clay refuses t 
absorb the water, its downward course is arrested- Shoul 
the surface of the clay present irregularities, the water whic 
has percolated through the sandy bed will lodge in th 
hollows, as at G. But when such cavities have beconi 
filled, the water with which the rock is charged will flow ov< 
them, and continue to run down in whatever direction th 
rocks may chance to slope. 

It rarely happens that the successive layers of rock, or a 
they are technically called strata,' exposed in any give 
section are perfectly horizontal, or spread out with fli 
surfaces, like the surface of a piece of still water. Generall 
the beds slope or incline in a definite direction, and th 
slope is technically termed the d(p. If then we read in 
scientific description of a given section that " the strata di 
30° S.W." it means simply that the layers of rock slant in 
south-westerly direction, and make an angle of thirl 
degrees with a perfectly horizontal surface. Thus, in tl; 
diagram the dip is shown by the general direction of ti 
line CD, and its amount maybe measured by the inclinatic 
of this line to the horizon; that is, by the angle which tl 
line CD makes with the top or the bottom edge of the pag 
when these edges are horizontal. Now when the wate 
having percolated through the sandy rock A B C D, hi 
reached the junction represented in section by C D, it flov 
down this plane in the direction of the dip, and escapes ; 

' Stmlutn (plural ili-ata) from Ihc I^tin s/raluni, signifying iti 
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: first outlet, as at D. Such a How of water thrown oui 
Q a rock constitutes a spring. 

Springs of this simple character, which issue at the 
junction of permeable and impermeable strata, are extremely 
common. If the reader who lives in London will take the 
trouble to walk across Hampstead Heath soon after rain 
has fallen, he can observe for himself exactly the condition 
of things which has just been described. The highest 
ground at Hampstead rises to about the height of St. 
Paul's, or rather more than 400 feet above the sea-level, 
and consists of loose sand which forms irregular ground 
overgrown with ferns and gorse. This sand is similar to 
the sand which is spread out in large mass over the widely- 
separated district of Bagshot Heath in Surrey, whence it is 
termed Bagshot sand. It is, however, only the highest 
ground on Hampstead Heath that is formed of such sand, 
which indeed does not attain, in this locality, more than 
eighty feet in thickness. Beneath the sand is the same 
stiff brown clay which underlies the whole metropolis, and is 
consequently known as the London clay. Hampstead Heath 
is therefore formed of London clay capped by Lower 
Bagshot sand, as shown in Fig. 7. This is taken from a 
section drawn by the Geological Survey, but in order to 
bring the section within the width of the page, and yet pre- 
serve its characters, the vertical scale has been exaggerated. 
On a natural scale the heights in the figure would require to 
be reduced by one half, and the capping of sand would 
consequently appear of insignificant thickness. Where one 
kind of soil ends and the other kind begins, is pretty sharply 
mapped out by the effect of rain. Any one who walks over 
the Heaih after a shower will not fail to observe that 
the sandy soil remams almost perfectly dry, the rain having 
been at once sucked in, while the clay, only a few yards off. 
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reniains wet and sticky, 
drains through them unti 
it either oo^es out in an 
charged through definit 
of springs consequently : 



The water absorbed by the san 
it reaches the clay beneath, wh- 
irregular sheet of water, or is d 
channels as springs. The li 
to mark the junction betwe 



the two kinds of soil. As the surface of the clay n 
the drainage of the sands it is constantly kept wet, ai 
thus forms swampy ground, often marked by the growth 
rushes. It sometimes happens that the upper part of I 
London clay is more or less sandy ; and, consequently, it 
not always easy to say precisely where the London cl 
ends and Ihe Bagshot saods begin. The springs a; 

s ;i 

eAQSHor I 



however, thrown out as soon as the water reaches 
impervious bed. 

The sands of the Eagshot series as exposed on HampsK 
Heath are commonly of yellow and brownish colou 
These colours are due to the presence of a peculiar cc 
pound of iron, oxygen,^ and water, known to chem 
as hydrous piroxide of iron or ferric hydrate. As the ra 
water slowly filters through these ferruginous sands it < 
solves more or less of this iron-compound, and carry 
it off in a soluble form, acquires medicinal properties. Ti 
the spring in Well-walk at Hampstead is locally valued a 
tonic ; while its inky taste, and the foxy-red sedim 

1 For description of the gas called oxygtn, see pp. 78, Jg, 80. 
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h it deposits on standing, sufficiently attest the presence 
rf iron: it is in fact a Chalybeate^ spring. This example 
sufficiently illustrates tlie origin of mineral springs. The 
saline and other substances which they contain, and on 
which their peculiar properties depend, are generally 
dissolved out of the rocks through which the water flows. 
In the basin of the Thames, mineral springs are by no 
means uncommon, some being chalybeate, others sul- 
phureous, and others again saline. This is a subject, 
however, which will be considered by and by. 

What has been said, with respect to the structure of 
the high ground at Hampstead, applies equally to 
that at Highgate, and at Harrow. In each of these 
localities, an isolated patch of Bagshot sand rests upon 
London clay. And, coming down to the lower ground on 
which the greater part of the metropolis is seated, a very 
similar condition of things is met with ; that is to say, a 
layer of highly pervious material is spread over a rock well 
nigh impervious. The porous material, however, instead of 
being Bagshot sand, is here a bed of gravel, varying from 
ten 10 twenty feet in thickness, and resting upon the 
London clay. When the rain has soaked into this gravel, 
it is held up fay the clay below, and is thus preserved in a 
great underground reservoir, which offers a never-failing 
source of supply to the shallow welis which were formerly 
sunk in great numbers throughout London. Here and 
there, a little valley cuts down through the gravel to the un- 
iderlying day; and, the natural reservoir being thus tapped, 
d spring of water flows out at the junction. Such is the 
Kctigin of the springs which gave names to Clerkenwell, 

' Chalybeate from x^'^^ chalupi, steel or hardened iron, a. Greek 
t derJTed fiom ihe people called Chalybes, who dwelt on tlie 
D shore of Che Black Sea, and were famous IroD-workera, 
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Holywell, Bagnigge Wells, and other localities. Wells 
supplied from this gravel constituted for centuries the sole 
water-supply of the metropolis, and Professor Prestwich has 
well pointed out how "the early growth of London followed 
unerringly the direction of this bed of gravel." ' As long 
as this was the case, settlement was quite impossible where 
the gravel was absent and the clay exposed. Indeed, it 
was not until an independent source of water was supplied 
by tlie great water- com panics, that a population was 
established on the clay- districts of Camden Town, St. John's 
Wood, Netting Hill, &c. 

Along the banks of the Thames and its. tributary streams 
there is a bed of valley gravel, at a lower level than that to 
which reference has Just been made. This low-lying gravel 
also forms a source of water-supply to shallow wells, and has 
determined the site of many centres of population. Thus, 
Westminster, Eattersea, Hammersmith, Brentford, Eton, 
Maidenhead, and many other towns up the Thames, were 
originally dependent upon this source for water. 

From the cases hitherto considered, namely, those in which 
a porous rock rests upon one that is not sensibly porous, it 
is desirable to advance to the case in which the porous 
material is not only supported, but is also covered, by an 
impermeable stratum ; the pervious substance being thus 
inclosed between two impervious beds, one forming its 
floor and the other its roof. Thus, the sandy stratum B, 
m Fig. 8, is supported by one bed of clay, C, and covered 
by another, A. As long as the strata remain in the 
horizontal position here represented, the rain which falli 
upon the surface of A is clfectually prevented from reachinf 
the porous material B, save only through any cracks which 

ilogical Society 1872, Quart, ^irum 
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' happen to run through the upper bed. Though the 
I malerial of B may be as porous as a sponge, not a drop of 
water can reach it, as long as the waterproof roof remains 
sound. But the case is extremely different when the beds 
are inclined, as represented in Fig, g. Here are three 
beds, in the same order as those previously described, but 
dipping at a slight angle. The porous bed B is exposed 
at the surface, or as a geologist would say "crops out" 

K 

^B' Rain falling upon the ground A B C is thrown off by 
I the two clay beds A and C, but is absorbed by the out- 
crop, or exposed surface, of the sandy stratum B. This 
absorbed water, whether directly falling upon B, or drained 
^Loff from A, runs down in the direction of the dip until 

it reaches an outlet, whence it issue 

valley should cut through the beds, 

below the water-level, springs will be thrown out along 

the sides of the valley, as at D. 

In following the course of a set of strata, it is no un- 
coiomon thing for the geoli^st to find that they come 




30 



PHYSIOGRAPHY. 



[chap. 



abruptly to an end, that their continuity is suddenly broken, 
and that one set of beds abuts upon another along a sharply- 
defined plane. The beds have, indeed, been fractured, and 
have slid one over another. Such a fracture, accompanied 
by displacement of the strata, constitutes what geologists call 
a. fault. Thus the set of beds represented in Fig. lo have 
been broken along a plane represented in section by the 
line D E ; and, though once continuous, are now dislocated ; 
the bed A having been thrown down to A', the bed B 




Fig. to. — KfTccL of a fault un the posLdon of a tprinjE or wdL 

prevented from escaping by the clay wall of A". If there- 
fore a bore-hole be put down to F, the water which has 
percolated through the bed down to this point will be 
forced upwards by the pressure of the water in the sur- 
rounding rock, and will therefore rise in the hole to nearly 
the level which it occupies in the bed B. Or, in the absence 
of a bore-hole, the water will escape from the saturated 
bed E, by oozing out at the surface, near the junction ol 
the adjacent strata. It is obvious, from this illustration, 
that faults must be of great importance in determining the 
gitipn of springs and wells. 
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It frequently happens that tlie beds of rock, instead of 
having a uniforna dip, slope first downwards and then 
ujiwards, so as to assume a basin-like form, such as that 
shown in Fig. ii. Here it is seen that the strata on opposite 
sides slope in opposite directions, as indicated by the 
arrows. Rain falling upon the exposed edges of the 
porous rock B B, will be readily absorbed, and will per- 
colate through the pervious material until it reaches the 
bottom of tbe trough, where it will accumulate, and of 
couree be accessible to the boring-rod. If, therefore, a 
bore-hole be put down through the impervious bed A, 
it will tap this reservoir of water, and the liquid will then 
rise to a height dependent on the level of the water in 




I the bed B B. The laws which regulate the flow of watei 
underground are precisely the same as those which regulate 
its flow above ground. The water pent up in the bed B B 
will therefore rush up the tube, and tend to find its own 
level. 

This arrangement of strata in Fig. ii, may be taken 
lo represent, roughly, the disposition of the rocks beneath 
London. The beds in that area have Iieen thrown into 
a trough-like form, and have thus produced what is com- 
monly known as the Zondon basing Vet it must not for 

• The London basin, or area around the melropolis, forms only a 
nnall portion of the Thames bisin. The two are lo be kept carefully 
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a moment be supposed that they lie in a deep hollow 
anything like that of an ordinary domestic basin, or even 
like that represented by the curves in the figure. It is 
tnie the rocks to the north and south of London slope 
gently inwards, and thus produce a depression, but it is 
a depression of the very shallowest kind. The inclination 
is indeed so gentle that it can scarcely be shown in it 
diagram brought within the compass of a page of this 
book. Hence most diagrammatic sections, as already ex- 
plained (p, 17), in the description of the basin of Thames, 
are necessarily exaggerated, and false notions have thus gol 
abroad as to the nature of the London basin. It is only 
when t™e sections are drawn, having the vertical heights 
represented on the same scale as that of the horizontal dis- 
tances, that its extremely gentle concavity becomes apparent 
With this caution, we may proceed to examine man 
closely the section in Fig. 1 1. This may be taken tc 
represent an exaggerated section across London, fronr 
north to south ; A representing the London clay, and I 
indicating the position of certain underlying rocks whict 
geologists are in the habit of calling the Lower Londoi 
Tertiaries. These lower strata are extremely variable, bu 
in the neighbourhood of London they consist for the raos 
part of sandy deposits, and are therefore highly permeable 
Thin beds of clay, spread out at different levels in th( 
sands, serve to retain the water ; and the supply, thus storei 
up, has been utilized by borings carried down through thi 
overlying London clay. Such borings were frequentl; 
made in the early part of this century, and an abundan 
supply of watenwas obtained from depths varying from 8- 
to 140 feet. So numerous, however, were these wells, tha 
a great drain was thrown upon the water-yielding power c 
the strata, and the supply ultimately became unequal to th 
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demand. Of late years, therefore, most of the deep wells 
in London have been carried yel lower, passing in fact into 
ihe great mass of chalk which underlies the Lower Ter- 
tiaries m the position represented by C C in Fig. ii. The 
water is obtained partly from the saturated chalk and partly 
from fissures, the latter being in this case tlie more im- 
portant source. As the position of these irregular cai-ities 
cannot be predicted, it is clearly impossible to foretell the 
depth at which stores of water will be found in the chalk. 

When a deep boring is made through the London clay 
down to the Lower Tertiary sands, or still deeper, into the 
chalk, the water tends to risi in the tube, and may even 
reach the surface and overflow. If the point from which 
the water is tapped be in low ground, as would be the case 
with the boring D in the hollow of the London basin, it is 
necessarily at a much lower level than that of the outcrop 
of the beds along the margin of the trough, as at C C, 
TTie water is consequently forced up the tube by tlie pres- 
sure of the liquid with which the water-bearing bed is 
chatged. When this pressure is sufficient to cause the 
water to flow over the surface of the bore-hole, it produces 
what is termed an "Artesian Well." This name, however, 
IS now commonly extended to other wells in which the 
water, without overflowing, yet rises to a sufficient height to 
be economically employed. Artesian wells are of great 
antiquity in the East ; in North -Western Europe they were 
first constructed in the province of Artois, in France, 
whence the name Artesian. 

In the London basin there are numerous wells supplied 

1 the Artesian principle. Thus the fountains in Trafalgar 
; fed with water from an Artesian well, which 

jnetrates the chalk to a depth of about 390 feet beneath 

e surface. It would be curious to trace the history of a 
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drop of water brought up by these fountains. It may have 
fallen originally as rain upon the chalk hills around London, 
perhaps twenty miles off, and after slowly trickling through a 
long, dark underground course, where it was pent up under 
pressure, ultimately found relief in the bore-hole of the 
Artesian well. 

London and Paris are situated under very similar 
geological conditions, and what is said with respect to the 
deep wells of one city applies with but little modification to 
those of the other. In the Paris basin, the Artesian systeta 
has been very largely carried out, and many of the borings 
have reached extraordinary depths. Thus at Crenelle, a 
suburb of the south-western part of Paris, there is a famous 
Artesian well, 1,798 feet deep, fed by the rains which fall on 
the permeable strata of Champagne at a distance of 100 
miles from Paris. Several other borings have since been 
carried to much greater depths than that reached by the 
well at Grenelle. 

Having explained the origin of ordinary springs and the 
nature of Artesmn wells — which in truth are merely artificial 
springs — it is now time to return to the study of the Thames 
basin, the springs of which are tiie immediate source of all 
the fresh water in the river, except the small portion derived 
from the rain which falls directly into it 

The alternations of pervious and impervious strata 
which constitute that distnct, present all the necessary 
conditions for an abundant supply of springs yielding 
excellent water. " In the whole course of our experience," 
said the Rivers' Pollution Commissioners, in their sixth 
Report, "we have found no catchment-basin' so rich in 

' The talchmfnt-iasat is a term applEed to all that part of a liTcr- 
basin from which rain is collected, and from which therefort the livoi 
tefedlp. 145). 
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springs of the finest drinking-water as that of the Thames." 
The basin of the Thames, as we have seen above (p. 15), 
has an area of more than 6,000 square miles, and rather 
more than half of this area is formed of porous soil, 
resting upon waler-bearing strata, whilst the remainder 
wnsists of clayey soil. The pervious ground, which ab- 
sorbs the rain, is, for the most part, under cultivation ; the 
mpervious ground, which throws off the rain, is mostly 

man en t meadow-land and pasture. 
i In describing the springs in the upper part of the Thames 
r those springs which rise above Oxford, we may 
be guided by the careful observations which have been 
made for many years by Mr. Bravender, of Cirencester.^ 
The source of the river Chum, or the extreme western 
tributary of the Thames, is known as " The Seven Springs," 
and is situated about four miles from Cheltenham on the 
road to Cirencester. It has been estimated thai these 
springs yield on an average about 150,000 gallons of water 
daily. The Seven Springs are thrown out from clayey beds 
which belong to the series of rocks known to geologists as 
Lias ;^ the water having been absorbed by the overlying 
loose limestones which are technically called Inferior Oolite, 
and which contain cavities that serve as excellent subter- 
uiean reservoirs for storage of water. The term " oolite," 
rtiich has just been used, is applied by geologists to a large 
mesofrocks, which occupy a definite position in the scale of 
i. and include many limestones which are composed of 
iliarly rounded grains, that give the rock somewhat the 
ranee of the roe of a fish, whence the word oolite {ukv, 

\e his evidence before Ihe Rojal Commissions on Water Supply 
and Rivets' Pollution. 

' The geological stracture of the Thames basin is shown in f late 
_y., and will be eitplaiced in dettul in Chapter XVII. 
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an egg}. The lower part of this oolitic series, which rests' 
directly on the Lias, is termed, from its position, the Inferior 
Oolite. It is from some of the beds of this formation that 
the Seven Springs are fed. Rain falling on the rutbly lirae- 
stonesj the sandstones, and loose sands of the Inferior 
Oolite, percolates downwards, through numerous cracks and 
crannies, until it reaches the impermeable clays of the Lias, 
when it gushes forth wherever a channel offers itself. About 
one-third of all the rain that falls upon the inferior oolites is 
returned in the form of springs. So porous and open- 
jointed are some of the rocks of this series that, where they 
form the channel of the river, a considerable quantity 
of the water which flows over them is absorbed, and the 
volume of the stream may thus be diminished to a serious 

The Syreford Spring at the head of the river Colne^ 
one of the streams in the upper basin of the Thames — 
has an origin similar to that of the Seven Springs. The 
Syreford source yields daily from three to four millions 
of gallons of water. This water has been absorbed by the 
Inferior Oolites and is thrown out by the underlying Lias- 
rlays. 

Many of the Springs in the head-waters of the Thames 
take their origin in the water-bearing limestone beds known 
as the Gnat Oolite — a set of rocks separated from the 
inferior oolite by the so-called Fuller's earth. I'his Fuller's ■ 
earth forms a thick bed of clay, which retains the water that , 
reaches it, in enormous quantity, by percolation through the, 
porous limestones and sands of the great oolite series. 
Thus, the famous well at "Thames Head," the position, 
of which is indicated on the map in Plate L, rises in this 
way from the surface of the Fuller's earth, and yields a vast 
volume of water which has been collected in the fissures of 
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the Great or Bath Oolile. Three million gallons of water are 
every day pumped up by the engine from a depth of 35 
feet into the summit-level of the Thames and Severn canal. 
This artificial withdrawal of water to feed the canal has 
lowered the level of the water-bed in the surrounding 
country, so that the natural discharge at Thames Head is 
now contracted and takes place lower down the valley, 

About five miles south-east of the engine at Thames 

Head is the Boxivell Spring, which discliarges into the 

Churn mote than a million gallons daily. This large body 

of water is drawn off from tlie surface of the Fuller's earth ; 

I «nd many other springs, such as the Ewen Spring and the 

mpney Spring, have a like origin. 

Other streams tributary to the Thames take their rise in 
the springs of the porous sandy beds called Upptr Gretn- 
which rest upon a stiff clay known as Gault. In 
the lower part of the basin, or nearer to the mouth of 
, the Clialk becomes the great reservoir ; and it 
Soften happens, that water which has drained througii the 
mrous upper part of this formation, and made its way 
'through fissures, is held up by the lower part of the chalk, 
which becomes stiff and retentive. The Kennet, which is 
one of the main feeders of the Thames, receives its water 
chiefly from the chalk downs near Hungerford and Marl- 
borough ; whilst the Coin collects a large body of water 
from the Hertfordshire chalk. A great part of the New 
River water too is drawn from the chalk. Finally, as a 
source of water in the Thames basin, the Bagshot Sands, 
already noticed, must not be neglected. Thus, the Loddon, 
a tributary from the south, which falls into the Thames 
about five miles below Reading, derives part of its water 
ftxim the Bagshot series. 

As the Thames pursues its course, it receives supplies of 
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water not only from its tributary streams, but from springs 
gushing up in the very bed of the river. These springs 
are in some cases of enormous magnitude, especially 
between Wallingford and Reading, and thus swell ihe 
volume of the river to no inconsiderable extent. 



Enough has been said, in this chapter, respecting the 
nature and origin of springs, to show that all such sources 
of water owe their origin, directly or indirectly, to the 
rain which fails upon the collecting ground, and finds its 
way through the pores and cracks of the rocks beneath. 
Proximately, the source of the Thames and other rivers is to 
be found in springs ; but, ultimately, it must be traced to 
raio. It is true the springs feed the river, but it is the rain 
that feeds the springs. It will therefore be necessary, in the 
next chapter, to study the fonhation of rain and kindred 
phenomena. 




4 travelling by steamer, it oflen happens that on going to 
ftbat side of the boat towards which the wind is blowing 
the passenger suddenly finds bimsclf in a shower of fine 
rain. This artificial shower is produced by the steam which 
issues from the waste-pipe being cooled down by contact 
with the surrounding cold air until it is condensed in the 
shape of drops of liquid. Every natural shower of rain 
is produced by a process of condensation similar to this, 
but carried on in the higher regions of the atmosphere. 

It is instructive to observe the dense clouds of steam 
which roll forth from the spout of a kettle of boiling water, 
or from the escape pipe of a steam-engine. In most cases, 
nothing can be seen close to the point from which the 
vapour issues, and it is only at some distance from this 
point that the white clouds first make their appearance. 
But, since that intervening space lies directly in the path 
of the issuing vapour, it is clear that it must be traversed 
by steam, though the eye fails to detect it. In fact, the 
steam, or watery vapour, when pure and uncondensed, is 
as transparent, as colourless, and as invisible as the air 
we breathe or the gas we burn. It is only when the vapour 
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is partially condensed, and therefore ceases to be true 
vapour, that it appears in tliose cloud-like forms which are 
IHipularly called " steam." Could you Iqok into the interior 
of a kettle or of a boiler from which clouds of so-called 
steam are issuing, you would see absolutely nothing in 
the space above the boiling water. It is only necessary to 
boil water in a glass vessel, such as a Florence flask, in 
order to observe that the steam remains invisible until 
eicposcd to some chilling inl^uence, such as that of a body 
of cold air. 

More or less of this watery vapour or steam, in its 
invisible condition, is constantly present in the surrounding 
atmosphere. It rises into the air from every exposed piece 
of water, which is warmed by the solar heat, just as steam 
is generated from water which is artificially heated. Whether 
it be evolved rapidly, with formation of bubbles, as in 
the ordinary process of boiling, or slowly and quietly, 
as in the course of evaporation, the product is the same 
— namely, invisible watery vapour. But let the air thus 
charged with moisture be sufficiently cooled, and its 
burden of vapour, previously unseen, makes its appear- 
ance as cloud, or mist, or fug. And under certain atmo- 
spheric conditions, the condensation proceeds further, 
until the moisture ultimately falls to the earth in the 
shape of rain. Every one knows that if a cold object, 
such as a steel knife, be held in a cloud of steam, the 
surface rapidly becomes covered with drops of condensed 
water ; and the drops of water in a shower of rain have 
been generated by a similar process of condensation, carried 
on in nature. 

In most cases, the atmospheric moisture passes through 
the condition of visible cloml, or mist, before finally con- 
densing aa rain. Yet it sometimes happens that rain_ falb 
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nn a clear and cloudless sky. By local refrigeration, after 
snnset, the vapour, invisibly diffused through the atmosphere, 
is condensed, at once, into excessively fine drops cf liquid 
water, fomjing the rain called serein. But such phenomena 
are rare ; and, as a rule, we may fairly expect the formation 
of rain to be preceded by that of cloud. 

Many opinions have been advanced to explain the 
precise condition in which water exists in a cloud. At 
one time it was commonly supposed that a cloud is made 
up of a vast number of minute vesicles, or little watery 
bladders, which remain suspended in the air by reason of 
their small size and hollow structure. It appears probable, 
however, that the water is merely condensed in a very 
finely-divided state, its extremely minute particles remaining 
(suspended in the surrounding moist air, as fine dust would 
d.0. Such particles have, indeed, been expressively called 
by Pro£ Tyndall "water-dust." It is supposed that, in the 
upper regions of the atmosphere, the watery cloud-drops are 
frequently frozen into ice— a supposition strongly supported 
by the optical characters of certain clouds, which appear to 
be explicable only by the presence of a crystalline structure. 

When a current of warm air, laden with moisture, rises 
from the surface of the earth, and reaches the higher and 
colder regions, the uppermost portion of the ascending 
current deposits its moisture in visible form, and thus 
produces a cloud, supported at the top of an invisible 
column. If the temperature fall, or the course of the 
current be arrested, the cloud descends, and regaining 
the lower and warmer regions, returns to its original state 
of invisible vapour, and thus becomes dissipated. Observe 
the clouds of steam which issue from the chimney of a 
locomotive engine, and you will see that as they flo.it away 
in the air they gradually disappear. The minute particles 



of water of which they are composed, in fact, arc speedily- 
converted into invisible vapour, and mingle with the atmo* 
sphere ; and the drier and hotter the air happens to be, the 
more rapidly does this change take place. 

Again, if a current of warm and moist air meet a colder 
current, its temperature is reduced, and more or less of ils 
moisture is deposited. In this country, the south-west winds, 
having swept over the warm waters of the Atlantic, are 
charged with moisture, and are ready to deposit a portion oJ 
their freight whenever they are sufficiently chilled, as they 
may be, for example," by meeting a cold east wind. Hence 
south-west winds act as the chief rainbearers to our islands, 

So fantastic and varied are the forms presented by clouds 
that they seem, at first sight, to defy scientific classification. 
In i8oi, however, Mr. Luke Howard, an eminent meteoro 
logist, proposed, in an essay On the Modifications of Clouds, 
a system of nomenclature and classification, which has 
since been so commonly adopted that his terms are frequently 
used, e^'en in popular descriptions of scenery. Reference 
to Plate III, will convey a better idea of the typical forms of 
clouds than could be got from any long technical descriptions.' 

Delicate white fleecy clouds may often be seen floating 
in the upper regions of the atmosphere, where they are 
arranged in groups running in more or less parallel directions. 
Frequently a cloud of this class will present the appearance 
of hair, or feather, with its fibres curled, and hence it has 
received the name of cirrus!^ The cirrus clouds are always 
lofty, sometimes as much as ten miles above the surface ol 
the earth; and, being wafted along by currents in the uppei 
regions of the atmosphere, they may often be seen to move in 

' These figures are parliy taken from InstnKtions in Ike Use ^ 
Mclwreloskftl Instmmenls, by R. H. Si»tt, M.A., F.R.S, 1875. 
' Cirrus, *. cutL 
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a direction opposite to that of the wind which happens to be 
blowing over the surface. It is these clouds tliat are sup- 
posed to be made up of minute ice-particles (p. 41), since 
they produce, when they come between us and the sun or 
moon, those coloured circles which are known as halos. 

Very different from the cirrus is the well-known cumtdus,^ 
a dense cloud which forms towering heaps of convex or 
concave form resting on a nearly horizontal base. Different 
again are the continuous sheets of cloud which are often to 
be seen extending widely in a horizontal direction, and are 
known consequently as the stratus.' 

It often happens that the clouds under observation will 
not fall into any place in the foregoing classification. 
Instead of belonging definitely to any one class they may 
combine the characters of two or more groups, and in such 
cases expressive designations are framed by combining the 
preceding elementary terms. Thus, the beautiful effect of 
what is known popularly as the "mackerel sky" is due to 
numerous detached clouds of the composite forms termed 
drrihcumtdus. In like manner we may have a cirro-stratus 
and a cumulo-stratus, but such words sufficiently explain 
themselves. The dull rain-cloud, termed tlie nimbus? is 
a composite form sometimes described as a cumulo-cirro- 
stratus. It is the dark grey cloud, or system of clouds, 
from which rain is actually falling. Before leaving the 
nomenclature of clouds, it may be useful to remark that 
B term scud is frequently applied to any loose detached 
s which drift rapidly before the wind, 
meteorological reports, it is convenient to express 
[^proximately the proportion of sky which, at any given 
ine, is covered by cloud. This is effected by using an 
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arbitrary scale. Thus, a clear blue sky is represented b; 
a cipher, while a sky completely obscured Js designat« 
by loj the intermediate numbers from o to lo being use< 
to express varying proportions of cloudiness. 

]t has been shown that, when watery vapour condenses ii 
the upper regions of tlie atmosphere, it gives rise to thi 
formation of clouds. But, if the condensation occurs nea 
to the surface of the earth, it produces those visible vapour 
which are known as mist ot fog. Beyond the ditference ii 
the place of origin there is really little or no distioctioi 
to be drawn between a fog and a cloud. A fog is a cloui 
resting on the earth ; a cloud is a fog floating high ii 
the air. When in ascending a ' cloud-capped ' mountain, w 
enter (he region on which the clouds rest, we find ourselve 
in a dense white fog. But after traversing this and reachioj 
the clear sumtnit, perhaps a thousand feet higher, the fQ| 
which we have left below once more appears under th 
guise of a mass of clouds. 

Whenever moist air near the surface of the earth has il 
temperature sufficiently reduced, the moisture may be coi 
densed as mist or fog. Thus fogs almost constantly ban 
over the banks off the coast of Newfoundland, where the 
are produced by the warm moist air of the Gulf Stream 
coming in contact with the cold air of the Labradc 
current. In like manner, icebergs are often attended b 
fogs, simply because the mass of ice cools the surroundin 
air, and thus precipitates its moisture. Mountains, agaii 
are frequently enveloped in mist, since the warm air, o 
being driven up the slope of the hill, becomes chilled t 

1 It will be explained in Chapter XL tbat the Gulf Stream is a bo« 
of warm water which Bo^vs from the Gulf of Mexico across the Atlant 
Ocean ; the Labrador current ii a body of cold water coming don 
^ noitb alon^ the coast of Labmdor, 




the point at which its moisture is partially condensed. So 
too the position of a river is often marked by mist; and 
this whether the water be colder or warmer than the 
overlying air ; in the former case, the air is cooled down 
by contact with the water, and its moisture discharged ; in 
the latter case, the warin water yields more vapour than the 
air can retain at the given temperature. The British Isles, 
washed by warm water on their western shores, are peculiarly 
subject to fogs; and, of all places, large towns seated on 
rivers are the most affected, since the artificial heal, coupled 
with the moisture of the air over the river, produces con- 
ditions favourable to the formation of fogs whenever the 
ail becomes sufficiently cooled. The proverbial London 
f<^ owes its density and darkness to the smoke, or particles 
of carbonaceous matter, disseminated through the atmo- 
j^ sphere and mingled with the partially condensed water. 

As long as water remains in the state of cloud, or fog, its 
^panicles are so minute that they hang suspended in the air, 
or mount upwards on the slightest current. But, when these 
droplets run together, they produce drops too heavy for, 
suspension in the atmosphere, and are then precipitated to 
the earth as rain. The rain/a//, or amount of rain which 
falls in any given locality, is a most important element in 
determining its climate. 

VVhal does a meteorologist mean when he says, in his 
lechnical language, that the annual rainfall in London is 
ahout 14 inches? By such a statement he means, simply, 
that if all the rain which falls on any level piece of ground 
in London during an average year could be collected — 
none being lost by drying up, none running off the soil, 
and none soaking into it — then, at the end of the year, it 
would form a layer covering that piece of ground to the 
irofoTTO depth of two feet. The year's accumulation of rain 
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would thus form a vast mass of water. Remembering tha 
aa inch of rain represents about loo ions of water to th 
acre, it will be found that every acre of land in the metropolj 
receives during the year, when the year is neither ver 
wet nor very dry, not less than 2,400 tons of rain. 

In passing across England from east to west, it is fouin 
that, as a rule, the rainfall increases. Thus, in the basin c 
the Thames, the fall varies, from about 24 inches in th 
eastern part, to between 30 and 40 inches among the wester 
hills, in which the river takes its rise. Looking at the entit 
basin of the Thames, it may be said that the average rainfa 
is about 26 inches. Now the area of the basin, as alread 
stated, comprises upwards of 6,000 square miles. SuppoB 
then that we measured out a square space a mile in lengt 
on each side, and built upon this base a four-sided towe 
two and a half miles in height, which we completely fiUe 
with fresh-water ; this enormous column would represent th 
quantity of water which falls upon the surface of th 
Thames basin in the course of twelve months. And . 
should be borne in mind that every drop of this water ha 
at some time, existed in the atmosphere as invisible vapon. 
se, therefore, it may be truly said that the Tham( 
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Passing beyond the western limits of the Thames basij 
it is found that the rainfall becomes heavier, until, in th 
western promontory of Cornwall, it exceeds 40 inches. Th 
rnaximum, however, is attained among the mountains < 
Wales and Cumberland ; the wettest spot in England bein 
near Seathwaite in Cumberland, where the average rainb 
has been recorded as 165 inches. 

A general view of the rainfall throughout England an 
Wales is presented by the accompanying rain-map (Plal 
which is reduced from the map published in th 
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sixth report of the Rivers Pollution Commission, for which 
it was prepared by Mr. G. J. Symons. Such maps are 
generally called Hytlop-aphical^ or Hyelological maps. In 
the one given here, the differences of rainfall are indicated 
by difierences of lint, which are sufficiently explained by 
the accompanying index. 

In examining the distribution of rain, it will be found to 
be regulated partly by the physical features of the country, 
and partly by the character of the prevailing winds. In the 
neighbourhood of mountains, the rainfall is increased, since, 
as has already been pointed out, a mass of moist air, when 
forced up the side of a mountain, is chilled in the ascent, 
and its moisture consequently discharged. Among our 
western counties, in the neighbourhood of hills, the rainfall 
rises to eighty, or even to a hundred, inches, and upwards ; 
while away from hills, though still in the west, it is only 
from thirty to forty-five inches. A table-land, or high plain 
surrounded by mountains, will generally receive but little 
rain, since the winds which reach it have been mora or less 
drained of moisture in sweeping over the surrounding hiUs. 
For a like reason, but little rain is likely to fall on the lee 
side of a high hil!, and many mountains, consequently, have 
a wet and a dry side ; the wet side being, of course, that 
towards which _the predominant winds blow, As regards 
the influence of winds on rain, it is evident that, when air 
has blown over a large expanse of warm water, it must have 
become laden with moisture, which will be readily precipi- 
tated on exposure to refrigerating influences. Hence, as in 
Britain, so in the greater part of Europe, the southedy and 
westerly winds bring rain ; and most rain falls in the exposed 
westerly parts, such as the coasts of Portugal, Spain, Prance, 
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Britain and Norway. There are certain conditions, how-1| 

-, under which rain is brought to our islands by easterly'l 

rather than by westerly winds. ,.i 

It is in those regions in which the sun's heat is intense,''' 
and powerful currents of highly-heated air, saturated with* 
watery vapour, are raised into the atmosphere, that the ' 
heaviest rains occur. But the heavy tropical rains are usually 
confined to definite perio(is — the rainy season — and are not' 
spread over the entire year, as in the temperate zone. ^ 

The Khasi Hills (which lieabout too miles to the north-east 
of Calcutta) present the greatest rainfall in the world. Sir J.-> 
. Hooker recorded upwards of 500 inches during a stay of nine 
months, and the total annual fall is about 524 inches. On the.' 
other hand, there are certain locahtiesinwhichlittleorno rain 
falls : the chief of these rainless regions being Upper Egypt,r' 
the Sahara, the desert of Gobi in Central Asia, and the coast | 
of Peru. As we recede from the hotter regions of the earth i 
either to the north or south, the rainfall, as a rule, diminishes-'' 
but the number of rainy days in the year increases ; so that^ 
speaking roughly, it may be said that, where the rainy dayS'. 
are fewest, the amount of rain is greatest. 

In temperate regions, the number of rainy days vatiesl 
greatly in different localities, and in different seasons. BuH 
it is difficult to know exactly what is meant by so vaguJ 
a phrase as a "rainy day." To secure uniformity amoni^ 
observers, Mr, Symons has therefore proposed that meteor*^' 
logists shall regard as a " rainy day," every day on which'', 
the rainfall is not less than one hundredth of an inch. 

It is matter of common observation that the rainfall 
varies not only in different localities, but in the samfl, 
locality at different times. One year may be much w 
than another. A remarkable instance of this was presentee 
by the exceptional rainfall of 1873, a fall which, i 
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districts, was excessive, and in some was unprecedented. 
It is believed that no such fall has been recorded since 
observations were first instituted, now two centuries ago. 

It is curious to compare the 1872 fall wilh that of the 
following year, which was remarkably dry. Thus, Mr. 
Symons has recorded the rainfall in Camden Square, 
London, as 33"86 inches in 1872, and only zz'67 inches in 
1873. But striking as the difference is here, it is yet more 
marked in other localities. At Bamsley, for example, the 
fall in 1872 was 42-28 inches, and in 1873 only lyq inches ; 
in other words, the rainfall in the dry year was but 38 per 
cent, of that of the preceding year. 

It may be useful, before quitting the 
explain how the rainfall at any given 
station may be determined. Although 
the operation is extremely simple, 
nmnerous kinds of rain-gauge have 
been devised. The accompanying 
figure (Fig. 12) represents a simple 
form recommended in the Instr-ueiions 
in tlie use of Meteorological Instruments 
(1875), compiled by Mr. R. H. Scolt, 
director of the Meteorological Office. 
The instrument consists of liltie more f,g, ,,,— Kau,-gai,j;c. 
than a circular metallic funnel for 
catching the rain, and a vessel for storing it. All the rain 
which falls upon the open mouth is collected, and, when 
collected, is exposed to but httle loss by evaporation. The 
area of the collecting vessel varies in different forms of 
apparatus, the Meteorological Office employing a imii.Ll 
eight inches in diameter. By means of the high cylinder 
around the top of tbe funnel, snow may be collected; but 
there are great difficulties in making accurate observations 
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on the fall of snow. It is notable that different amounts of 
rain will be collected by gauges placed at different heights 
in the same locality; a gauge at a low level always reading 
higher than one above. In all cases the instrument must, 
of course, be placed in a freely-exposed situation. Every 
morning, at nine o'clock, the rain collected during ihe 
preceding twenty-four hours is transferred from the col- 
lecting can to the graduated measure -glass, and its amount 
accurately recorded. 

Of the rain which falls in any given district, such as the 
basin of the Thames, part is lost by evaporation and passes 
invisibly into the air ; at the same time another part soaks 
into the soil, and this also appears to be lost ; whilst part 
again flows oif the surface of the ground to lower levels. 
Rain is thus disposed of in a threefold way, but the relative 
proportion between the three parts will vary coiieiderably 
in different localities, and at different limes in the same 
locality. It is dependent on cliniaie and season, on the 
character of the soil, and on the physical features of the 
district. But whatever the proportion may be, the rain 
which is absorbed by the ground and that which flows off 
the surface will contribute sooner ot later to the formation 
of springs and streams. ' And in this way the rains indirectly 
nourish the rivers, since we have already seen that rivers 
are mainly fed by springs and streams. The more rain wbich 

' From what has been said respecting the origin of springs, it ii 
obviius that, in depend en 1 1 y of the eReets of eraporation, the quantity 
of water which reaches a river may be less Ihsn that wbich falls in the 
shape of rain upon its catchment basin ; inasmuch as some may ga 
to feed the springs of other catchment b-nsins. And, on the other 
hand, the quantity of water c-inveyed by a river niay be indefinitely 
greater than thai which falls upon its catthmcnt basin, if the geological 
ttruclmre of the basin is such as to lead the rain from beyond its limits 
into the springs of the river. 
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falls upon the surface, the greater therefore will 
:ietd of the river. " Rivers," said Captain Maury, ' 
-gauges of Nature." 
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Amospheric moisture is frequently condensed i 
forms than that of rain. If a glass of water 
drawn from a cold spring be brought into a wan 
it will be found that the outer surface of the glass gradually 
loses its brightness ; a dimness soon creeps over the surface 
that was previously clean and bright, and, before long, 
drops of water may be seen trickling down the siJes of the 
vessel. It is true that certain kinds of glas5, such as some 
of the old Venetian, Constantly exude moisture, or '■ sweat," 
so that after the surface has been dried it soon becomes 
moist again — an effect probably due to an excess of soda 
in the glass. But the moisture which appears on ordinary 
under tiie circumstances indicated above, is clearly due 
L entirely different cause, since it is produced with 
[ual readiness on glass of any chemical const! tutiiin, or 
leed upon a vessel of polished metal It is evident then 
lat the moisture is not derived from the substance of the 
vessel itself; neither is it obtained by percolation through 
the walls of the vessel, for the metal has no sensible pores. 
The only remaining source of moisture is the surrounding 
medium, or the atmosphere. That medium always contains 
more or less watery vapour ready to be deposited upon any 
object when sufficiently chilled, and the necessary refrigera- 
tion is brought about by the cold water in the glass or the 
metal vessel. Moisture which is thus deposited upon any 
lid surface, without production of mist, is termed dew. 

proportion of watery vapour that can be held in the 
losphere depends principally on the temperature of the 
the lower the temperature the less it retains. If chained 
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so highly with moisture lliat it can take up no more, the air 
is theu said tj be saturated. When a body of moist air is 
cooled, the poir.t of satLiration is gradually reached ; and,. < 
when saturated, any further cooling causes a deposition of 
djw; hence the temperature at which this occurs is called 
the dew-point. This point may be determined in a variety 
of ways, but it is interesting to note that some of the instru- 
ments used for this determination are based on the principle 
to which reference has just been madi.". Thus, the instru- 




ment designed by the late Prof. Daniell, and reijresejited in 
Fig- >3. consists of a glass tube bent twice at right angles, 
and terminated at each extremity by a bulb: one of these 
bulbs, A, contains ether, while the other, B, is empty and 
inclosed in muslin. If a few drops of ether be poured 
upon this muslin, the ether-vapour within the tube is con- 
densed, and the liquid in A rapidly evaporates ; but this 
evaporation is attended with reduction of temperature, and 
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consequently the bulb A is rapidly cooled. When the 
temperature of the surrounding air is sufficiently lowered, 
rtie dew-point is reached, and a film of moisture is then 
deposited on the outside of the bulb A. The temperature 
at which this takes place is indicated approximately by the 
thermometer inside the bulb, while the temperature of the 
air outside is given by the thermometer placed on the 
upriglit stand. In aoothiir form of the instrument, devised 
by M. Regnault, the moisture is precipitated upon the sur- 
face of a small vessel of polished silver. It will be seen, 
however, that both instruments are but rchited modilicatians 
of our familiar experiment with the tumbler of cold water. 

After sunset, on a clear night, the grass and other objects 
on the surface of the eartli give off the heat which they 
have absorbed during the day, while the sun has been 
shining upon them, and their temperature is thus gradually 
lowered. The air in contact with these objects is also 
cooled ; and, as it gets cool, it grows less able to retain its 
moisture, until at length the dew-point is reached, when 
drops of liquid are deposited on the blades of grass. Some 
bodies throw out, or radiate, their heat much more freely 
than others, and dew is therefore precipitated copiously 
upon such good radiators. Thus it may sometimes be seen 
in a garden that every bJade of grass is bedecked with 
sparkling dew-drops, while the neighbouring gravel path 
remains almost dry. The grass has parted with its heat, 
and consequently become chilled, more readily than the 
gravel has cooled ; and the dew is therefore distilled more 
abundantly upon the grass than upon the g.'avel. 

Whatever prevents the radiation or giving-ofT of heat 
from terrestrial bodies tends to hinder the formation of dew. 
A cloud, for example, acts in this way, since it reflects, or 
throws back upon the earth, the heat which would otherwise 
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be projected into space. Dew is therefore most copious on 
a cloudless night. A calm atmosphere also promotes the 
formation of dew, for it is obvious that agitation by currents 
of air must be unfavourable to local refrigeration ; while it 
promotes the evaporation of any dew that may have been 
deposited. 

It was not until the beginning of the present century that 
so common a phenomenon as the formation of dew was 
thoroughly understood. Observations on the subject had 
indeed been made at a much earlier date, but it remained 
for Dr. W. C. Wells, an American settled in this country, to 
undertake a systematic inquiry into the conditions under 
which dew is deposited. After much patient investi- 
gation he published, in 1814, his famous essay entitled 
Tiu Tlieoty of Dew, and the simple explanation which he 
set forth in this essay has been corroborated by subsequent 
investigators. 

Atmospheric moisture is precipitated not only as rain and 
dew — the particular forms which have been studied in this 
chapter — but also occasionally as snow and hoar-frost; 

tif these will form the subject of the next 





TALLISATION OF WATER : SNOW AND !CE. 

DuaiNG the greater pan of the year, in this country, 
the atmospheric moisture is condensed in a liquid s 
partly as rain and partly as dew. But, when the temperature 
of the air falls below the freezing -point, the water, unable 
any longer to retain this liquid condition, is reduced to a 
iolid form ; and the moisture is consequently precipitated 
as snow instead of rain, and as hoar-frost instead of dew. 
It is of much importance to have some knowledge of the 
manner in which this great change in the physical condition 
of water is brought about. 

Daily observation shows that almost everything gets 
smaller as it is cooled. Reduction of temperature, as a 
rule, causes the particles of which a given body is composed 
to be brought more closely together, and the substance 
consequently shrinks in bulk. Suppose a quantity of air is 
confined in a vessel standing over water or quicksilver, and 
that it is found at a given temperature to occupy a certain 
bulk ; then, on lowering its temperature, the air will shrink in 
volume, or occupy less space, so that the water or quick- 
silver will tend to rise in the vessel, and thus fill the space 
which would otherwise be left by contraction of the air. 
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By careful observatioo it has been found tbat the shrinkage 
proceeds with great regularity as the air gets cooler, but 
there is no need to trouble ourselves, at present, with the 

Now watery vapour, such as that present in the atmo- 
sphere, is a body which may be said roughly to have a 
constitution similar to that of the air with which it is 
associated. But when this vapour is cooled, a limit is soon 
reached, beyond which any further cooling brings about 
the condensation of the vapour as liquid water. In fact, 
watery vapour, or steam, differs from Huids like air chiefly 
in the readiness with which it can thus be condensed or 
liquefied. 

Having in this way reduced the vapour to the condition 
of a liquid, it is important to observe the effect of still further 
lowering its temperature. As the water becomes cooled, the 
bulk of the liquid is diminished. With most hquids, this re-' 
duction of bulk continues until their parts lose that freedom 
of motion upon one another which is characteristic of a 
liquid, and the mobile liquid passes into a compact rigid 
solid. The solid thus obtained by the congelation of water 
is termed ta. It is important however to note that water 
and a few other liquids, instead of continuing steadily to 
contract when cooled, reach a limit at which contraction 
stops and is succeeded by expansion, so that the solid 
water actually occupies a good deal more space than did 
the liquid from which it was derived. When a water- 
pipe bursts during a frost, or a jug of water cracks as 
the liquid freezes, we are practically taught that water, 
during the process of sohdification, undergoes a large 
increase of bulk. 

By reason of this expansion, a piece of ice necessarily 
weighs much less than an equal bulk of water. If, fur 
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instaDce, a given bulk of water, measured at that tempera- 
{ture at which its relative wRight is greatest, be found to 
eigh i.ooo pounds, an equal bulk of ice will weigh only 
^■916 pounds. Hence ice floats readily on water, and floats 
with only about one-tenth of its volume above the surface. 
This may be seen by dropping a lump of ice into a tumbler 
of water, and observing how much is exposed, and how 
much buried in the water (Fig. 14.) Sea-water is denser, 
or heavier bulk for bulk, than fresh water; and therefore a 
mass of ice floats higher in the ocean, about one-ninth of its 
volume being then exposed. Hence, in those huge masses 
of ice which are frequently seen floating in the sea anil are 
known as icebergs, ihe hulk of ice which ^— - - _ 
is submerged is about eight times as °^ 

great as that above water. Eut it must 
be remembered that the proportion of 
the submerged to the exposed part of 
the total height' of the berg will be 
affected by the shape of the mass ; ami 
probably, in many cases, the shape of Fi,;, .<,-[,.f i,, w.itr 
the berg is such as to cause it to sink 
to a very much smaller proportion of its total height beneath 
■fee surface than that represented in Fig. 14. 

It must not be supposed that the compact hard substance 
which is produced by the freezing or consolidation of 
water is a solid body without structure, like a piece of glass. 
Look at a bedroom window on a frosty morning, and you 
will probably find that some of the moisture present in i.is 
room has condensed upon the glass and frozen into solid 
ice; but you will see at once that this ice, instead of 
spreading itself uniformly over the surface, has shot out in 
definite directions, producing beautiful branching forms, not 
unlike the graceful fi-onds of a fern. The ice has, in fact. 
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assumed forms wiiich are extremely definite in thetnselvea; 
and are known as crystals. 

In the rocks oE Snowdon, and of many otlier parts of 
Britain, there m^y be found a beautifully transparent sub- 
stance, of great hardness, which puis on very definite 
sliapes. These shapes, as represented in Fig. 15, usually 
look like little six-sided towers, shooting in all directions 
from the rock, and terminated at one end, or soiuelimea 
at each end, by a short six-sided spire. The faces are »f 
smooth and bright as though they had been just polishedj 
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Kic. ij.— Kocl.ct>!iaL' 


on tlie lapidary's wheel ; whilst the edges are as sharp and 


straight as though cut by a skilful workman. The ancients, 


who were familiar with these clear and colourless solid 


bodies as they occur in the gi^nitic rocks of the Alps, 
supposed that they were composed of ice; that they 


' The lines on theae crystals iDdicateshading, and not markings an 
the natural specimen. The prisms of roclt-cryslil arc often marked bj 
lines, but lliej run attoss the prisms, not longitudinally In the dirccUm' 
' of [he shading In the fii,-ure. 
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were, in fact, nothing but water which had been congealed 
by so intense a colrl t]mt it was impossible to thaw it. 
And the Greek word for ice (ic/iiiTTaXXoc, krustallos), thus 
suggested our term crystal. Even at the present day many 
crystallised minerals are vulgarly called " congealed water" 
The substance which has just been noted as having given rise 
to the word " crystal " is known as rock-cryslal, and must be 
familiar to most readers, since it is used by the jeweller for 
working into ornamental objects, and by the optician for the 
manufacture of those spectacle lenses which are said to be 
niade of " pebbles." The term " crystal " is now applied 
to all symmetrical solid shapes assumed spontaneously by 
hfetess matter. 

Rock-crystal is sometimes found in crystals of gigantic 
size; at other times in excessively small specimens. This 
seems to show that the same species or kind of matter may 
assume forms unlimited in size. A few years ago some 
enormous specimens of dark-coloured rock-crystal were 
found in cavities of a rock above the Tiefen Glacier tn 
Switzerland ; one crystal, christened the " Grandfather," 
weighing as much as 276 llis., and another, called the 
" King," weighing 255 lbs. Yet this same substance may 
be obtained in crystals so minute as to be seen only with 
3Jd of a microscope. Such great variation of size in the 
same kind of crystalline matter has no parallel among living 
bodies. It is tme that certain animals and plants, placed 
under very favourable conditions, may increase beyond iheir 
average size, but this increase is confined within compara- 
"ivPly narrow limits. A crystal, however, has absolutely no 
limit to its growth ; it increases in size by addition of matter 
from the outside, and as long as new matter is thus presented 
to it, so long will it continue to enlarge. A small crystal of 
alum, for example, suspended in a saturated solution of the 
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same salt, gradually grows larger by deposition of new alun 
in a solid form from the surrounding medium. This raethot 
of growth is therefore entirely different from that by whici 
the growth of a living body is effected. It is as though i 
man could actually grow bigger by putting on coat afte 
coat, instead of growing by the ordinary process of nutrltioi 
from within. 

Just as there is nothing distinctive about the size of at 
individual crystal, so there is nothing distinctive about thi 
size of the several faces of the crystal. A six-sided spire 
pyramid of rock-crystal may liave one face very large, anc 
the next face so small as to be httle more than a mere line 
Size of crystal and size of face thus count for nothing, bu 
what does tell for something in studying cry.iitala is the slopi 
or inclination which one face has to another ; in other words 
the angle made by two neighbouring faces. A set of face 
symmetrically relateii, such as the six faces of the prism o 
rock-crystal, is called technically a /arm ; and the faces o 
any given form, however irregular in size and shape, ar. 
always inclined to one another at the same angle. 

Although it is not every substance that can assume thes 
regular forms, yet by far the larger number of bodies, in 
eluding water, are capable of crystallization. When wate 
solidifies, by reduction of temperature, the particles groui 
themselves in definite directions, and thus produce regularlj 
shaped solids, closely related to those of the rock-crystal 
In fact the forms of ice and the forms of rock-crystal ar 
characterised by the same kind of symmetry ; a symmeO^ 
which is such that each crystal may be divided into si; 
similar parts. The best examples of this hexagonal syra 
raetry in solid waler is furnished by crystals of siKm/, 

If the air during a snow-storm be still, each flake tha 
falls will be found to exhibit a regular shape. A perfec^j 
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formed snow-flake is, in fact, an exquisite little crystal; but 
it commonly happens that a flake is made up of several of 
these crystals grouped together. Some idea of the beauty 
and variety of snow-crystals may be formed by reference lo 
Fig, 16, which represents a few of the shapes observed by 




Ciplain Scoresby in the Arctic Regions. More than a 
thousand different kinds have been described ; but various 
as these are, they are all characterized by the same kind of 
symmetry. Some of these snow-crystals are simply solid 
rods or flat scales, each with six sides ; others are six-sided 
pyramids, but the most common form is that of little 



PHYSIOGRAPHY. 

six-pointed stars variously modified. Each star has an iq 
centre as a nucleus, from whicii six httle spicules or rodi 
of ice are shot forth at regular angles ; and from the side 
of these rays, secondary rays, or raylets, may be given of 
at the same angle, thus producing complex stars of grea' 
beauty, but, in spite of their complexity, always true to th< 
hexagonal symmetry of the system to which ice belongs 
Each part of the pattern is repeated round the centre sij 
times, as is generally the case with the beautlfully-syni' 
metrical shai>es seen in a common kaleidoscope. 

Although ice does not ordinarily exhibit well-defioec 
crystals, it is nevertheless built up of crystalline particle! 
interlaced together. Prof. Tyndail has shown us how tt 
reveal this beautiful architecture, by submitting a block 
of ice to the. action of a sunbeam, or even to a beam o; 
electric hght. Part of the heat enters the solid, and pro 
duces internal liquefaction, which jiroceeds with greal 
regularity. Small shining points first appear in the ice, 
and around each of these points, as a centre, six rays 
shoot forth, producing figures such as those representee 
in Fig. 17.' These beautiful forms, which commonly re- 
semble blossoms with six petals or floral leaves, are noi 
solid crystals, like our crystals of snow, but are simplj 
hollow spaces of regular shape filled with water; the) 
may indeed be called "negative" or "inverse" crystals, 
developed by the breaking-down or " de crystallisation ' 
of the ica The ice is in fact crystalline, whilst the snow 
is crystallised. 

When there is much wind astir, the snow falls % 
shapeless masses, or even in small hardened pellets. S 
the snow-flakes become partially melted in their descent 
by falling through a layer of warm moist air, they produce 

ie Tyndall's ^«i/ Bi a Moiti of MoHen, 5th ed. p. II. 



r 



what is cal]ed ileet. The largest snow-flakes fall when the 
temperature is near the free sing-point, and the smallest 
when the temperature is very low. It need hardly be 
said that snow is much lighter than rain ; it is usually 
estimated at about one-tenth the weight of an equal bulk 
so that if a fall of snow lies on the ground to 




the depth of ten inches, it may be taken roughly to 
tepiesent one inch of rain : it is obvious, however, that 
EDOW varies much in its state of compactness, and this 
method is consequently, in many cases, far from accurate, 
Tlie loose texture of snow renders it an extremely 
bad conductor of heat, and a fall of snow thus acts like 



a mantle of fur ihro 



arih. The air entangled 



in the snow not only confers upon it this valuable property, 
but it also gives the snow its opaque white appearance, so 
different from the transparency of comraop ice. The ligbt, 
instead of penetrating the snow, is thrown back from the 
ice-walls of each little air-cell or cavity, and thus becomes 
scattered, the snoiv losing its transparency ; just as the 
foam of the sea becomes opaque white, by the light being 
scattered from the particles of water into which a wave 
IS broken. 

When snow falls upon a mountain in winter, it may lie 
there unmelted until the warmth of summer returns to 
thaw it. But, if the mountain be very high, the summer- . 
heat may never be strong enough to melt all the ice on its 
top, and the top will therefore be enveloped in perpetual ■ 
snow. A Une drawn at the level above which the snow never I 
melts is called the shou'-Htu. On the north side of the | 
Himdlaya Mountains this line is i6,6oo feet high ; that is \ 
to say, all the snow which falls below this height is melted' 
in summer, but all above remains unmelted. In the Andes ' 
of Peru the limit of perpetual snow is about 15,500 ■ 
feet; but in passing northwards or southwards from these ' 
hot regions, we expect to find the snow-line descending ; in ■ 
the Swiss Alps, for example, it comes down to about 8,5oO|j 
feet above the sea. Still farther north it reaches yet lower, ] 
and, in the Arctic regions, descends to the very sea-level j 1 
the winter's accumulation of snow is never completely I 
melted by the summer-sun, and the snow consequently lies ' 
on the ground all the year round. 

Snow is not the only solid form in which atmospheric 
moisture is precipitated. Occasionally, during a storm, it 
takes the shape of kaii, which consists of hard masses of' 
ice varying in size from the smallest shot to pieces several 
inches in diameter. These hailstones are in some cases. 



K.] SNOW AND ICE. 65 

perfect spheres, as though the drops of rain had rapidly 
congealed while falling. When broken open, a hailstone 
occasionally exhibits crystals shooting out from the centre 
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1 all directions towards the surface ; 
to find a number of layers of ice, son 
opaque, coating a white snowy central r 
they appear to have been frozen in defin 
a rule, hail falls in summer rather than in 
day rather than in the night. The origin of hail is still 
obscure, but it is probably formed by an intensely cold 
current of air passing into a region of warm moist air, and re- 
ducing the temperature of the whole below the freezing point 
There is yet another form of atmospheric precipitate 
that needs a passing notice. If the temperature after dew- 
fall should sink below the freezing-point, the moisture 
which would, under ordinary conditions be deposited as dew, 
laies a solid form, and is then known as /war-frosl. Blades of 
grass, and other objects cooled by freely throwing off their 
heat into space, thus become coated with delicate icy crystals 
instead of dew. The hoar frost is, in fact, nothing but dew 
which has been frozen as it was formed. 

In one or other of the forms described in this and tJie 
preceding chapter, all atmospheric moisture must be pre- 
cipitated. It is not however always easy, nor is it by aJiy 
means necessary, to distinguish between these several 
forms, and they are therefore practically massed together 
under the general head of " rainfall." If then it is said that 
the basin of the Thames is fed by a rainfall of twenty-six 
inches, what is meant is that the total quantity of atmospheric 
moisture precipitated within this area — adding together the 
rain and the snow, the hail and the dew— amounts in the 
course of an average year to a depth of sixand-twentv inches 

l^ead uniformly over the surface of th^ basin. 
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In whatever shape water may be tlirown down upon tiie 
earth — whether as rain or deiv, as snow or hail — it must, at 
one time, have existed in ihe state of invisible vapour 
diffused through the atmosphere, and not to be distinguished i 
froua the air itself. However dry the air may appear to be, j 
it always contains more or less of this moisture. Though » 
not recognized by the senses, its presence is readily revealed "j 
by the behaviour of certain substances which greedily absorb ■; 
moisture, and are consequently said to be hygroscopic} Oil i 
of vitriol, or sulphuric acid, for example, is one of these \ 
hygroscopic substances. If a bottle of this corrosive liquid j 
be left without its stopper, it will be found that, after a few '; 
hours* exposure, the bulk and weight of the liquid have \ 
sensibly increased ; indeed a pound of oil of vitrol may in i 
this way become two pounds in the course of a few days. ; 
This increase of weight is due to moisture absorbed from j 
the surrounding air, and, after exposure, the acid is con- 
sequently found to be weaker. When the air is damp, the 
increase of weight is rapid ; when dry, the increase is but 
slow. Yet the liquid can never be exposed, even to the ' 
driest air, without absorbing some amount of moisture, how- 

' ffygf'oicafit, rmm irypii, hugms, moist. 




ever small. It is clear, therefore, that the atmosphere must 
always contain aqueous vapour. Nor is it necessary to seek 
far for its source. 

The damp towel on which you have just wiped your wet 
hands does not stand long on the towel-horse before it 
becomes dry again ; the water left forgotten in the flower- 
vase a week ago has completely dried away. In such cases 
the water passes imperceptibly as vapour into the surround- 
ing air by a process termed naporatiim. It is a quiet 
process, very different from the noisy production of vapour 
during ebullition, or boiling ; yet the same in its ultimate 
result. The general process of converting a liquid into a 
vapour, by any means whatever, maybe called vaporisation; 

1 and two modifications of this general process may be dis- 

^Htfnguished — evaporation and ebullition. Whilst ebulUtion 
^^■^es place only when the liquid undergoing vaporisation 
^HRaches a definite temperature, called its boiling point, eva- 
I poration is a permanent process going on at all times and 
in all places. Every piece of open water, from the narrowest 
stream to the broadest sea, is constandy giving off vapour in 
greater or less volume. More vapour will pass into the air 
on a hot than on a cold day; yet, on the coldest day, the 
process of evaporation is simply slackened, not stopped. 
Even a piece of ice, exposed to air at the freezing-point, 
gradually diminishes in size, showing that vapour is given off 
from the frozen surface. A fall of snow may evaporate, 
just as a shower of rain is dried up, but the process is 
immeasurably slower. It is therefore by no means difficult 
to account for the watery vapour in the atmosphere. And 
it should be remembere.l that, in addition to that which 
reaches the air by direct evaporation from river, lake, and 
ocean, there is a good deal of water thrown into the atmo- 
sphere as vapour by the agency of living beings, exhaled from 




the leaves of plants and from the lungs and skin of animals, 
Decay, and Other chemical phenomena likewise contribute 
tlieir quota to the moisture of the atmosphere. Evaporation, ; 
however, remains the principal source of watery vapour in 
he air. 

It need hardly be said that the rapidity of evaporation 
may be materially affected in a variety of ways. If you 
wish to dry a damp object quickly, you at once place it 
before the lire. Temperature, then, clearly affects the rate 
of evaporation; the higher the temperature the quicker the 
process, other conditions remaining the same. Again, the 
amount of loss by evaporation is greatly affected by the 
hygrometric state of the air; in other words by the pro- 
portion of moisture already present in the atmosphere. If . 
the air were perfectly dry, evaporation would be extremely 
rapid, and the loss correspondingly great ; if, on the other 
hand, the air were thoroughly saturated with moisture, water 
exposed to it would !ose nothing. As a matter of fact we 
rarely, if ever, experience either one or the other of these ' 
extreme conditions ; but, between tliese extremes, there are 
any number of intermediate states. Every laundress knows 
that there are "good drying days" and bad ones. When 
there is but little moisture in the air the clothes dry quickly ; 
when there is much moisture, they dry but slowly. Let it 
not be supposed, however, that the proportion of moisture 
in the air is easily estimated by our sensations. True, we 
say that one day is dry, and another damp ; but, after all, it ■ 
is not so much the absolute quantity of moisture in the air i 
as its relative humidity that determines these sensations; ■ 
that is to say, it is the ratio of the vapour actually present ' 
to the amount which is capable of existing in the atmosphere 
at the given temperature. The higher the temperature the [ 
P'eater the quantity of water which may exist in the state otj 
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rapour in the atmosphere, and consequently, on a hot day, 
the air may seem dry, n otwi I h standing it contims a lat^e 
quantity of vapour, because much more might exist at that 
temperature. On the other hand, if the temperature be low, 
a small quantity of vapour may render the air damp, since it 
approaches nearer to the total quantity which can exist in the 
atmosphere at that temperature. Hence the paradox that, in 
summer, dry as the air may feel, it usually contains more mois- 
ture than in winter, when it is popularly said to be damper. 

Another condition affecting evaporation is the rapidity 
with which the atmosphere is renewed over the water 
exposed to it On a windy day a wet pavement soon dries. 
The air in contact with the water soon receives as much, or 
nearly as much, watery vapour as is capable of existing at 
the temperature and thus further loss by evaporation is 
checked ; but, when the air is in motion, the portions which 
have become charged with vapour are rapidly removed and 
fresh ones brought into their place, which in turn become 
laden with vapour and are carried away to make room for 
others. It need hardly be said, too, that the rapidity of loss 
by evaporation depends on the extent of the exposed surface 
of liquid. Ink dries up quickly in a wide-mouthed inkstand, 
but the same quantity may be preserved much longer in a 
narrow bottle. In fact, the vapour is derived only from the 
exposed surface of the liquid, and herein lies one of the 
great differences between evaporation and ebullition ; in the 

qiid process of boiling, babbles of vapour are generated 
aoghout the mass of liquid, while, in the slow process of 
iporation, the vapour is derived from the surface only. 
I Meteorologists occasionally measure the rapidity of evapo- 

Uion by means of instruments called atmomelersy It is 
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sefiil however to determine the proportion of moisture 
atmosphere, and this determination Is effected by 
i termed hygrometers. The simplest but least 
trustworthy of such instruments depend for their action on 
the fact that organic structures readily absorb moisture and 
change their dimensions ; a hair, for instance, is longer when 
wet than when diy. Taking advantage of this fact De 
Saussure constructed the simple little 
instrument represented in Fig. i 
consists of a human hair free from 
grease, stretched by a smaU weight, 
and furnished with an index, moving 
over a graduated arc. As the hair is 
affected by moisture the index moves 
over the scale, but its indicati< 
not sufficiently exact to be of much 
scientific value. The instrument, 
though still used in certain parts 
Europe, simply indicates the presence 
of moisture without accurately n 
ing its amount ; it is, in truth, a hygro- 
jtru/f rather than a hygrometer.' Cruder 
even than this hair hygroscope i 
well-known toy in the form of a little 
liouse with two doors, having tlie figure 

at the other. When the air is moist 
and rain may be expected, the man comes out ; when the 
air is dry, and the weather likely to be fine, the woman 

' Instruments having □ames terminating in mtta- (fiiTpni;, tnelniH., 
measure) are eenerally more exact in their indiualions ihan those termi- 
nated in scepc (aKmrla, skopto, to view). Thus a mUroscofi enables n» 
to tee very minule objects, whilst a micromiler enables us to measure 
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makes her appearance. The movements of the figures 
depend on the effect of moisture upon pieces of catgut or 
of twisted string. 

True hygrometers, or instruments for measuring humidity 
with considerable precision, have been constructed by 
Daoiell, Regnault, and Mason, and are daily em|Joyed by 
meteorologists. Some of these instniroents effect their 
purpose by indicating the dew-point directly, whilst other 



depend for their i 
Daniell's h>gr m 
strament of h 
sented in Fij, 



5'- 



The 



commonly 
known as 
Thermometer 
sCTiptive of i 

tide by side a 



on the rapidity of evaporation. 



I 




represented in Fig. 19 ; 
J of the instruments has its bulb 
free, whilst the other is covered with 
muslin, which is connected, by means | 
of a strand of cotton, with a small re- 

^sprvoir of water : the thread constantly 

^Hplcks np the liquid^ just as the wick of 

^^Kcandle draws up the melted wax or 

^^K>U6w, and the bulb is, in this way, 

I constantly kept moist. Whenever a body passes from the 
state of liquid to that of vapour heat is absorbed : hence 
a little water dropped upon the hand gives rise to the sen- 
sation of cold as it evaporates; a sprinkling of Eau de 
Cologne, or other liquid containing spirit of wine produces 
greater cold, since it is more volatile than water and dries 
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up much more rapidly ; a little ether, again, being still 
more volatile, reduces the temperature yet lower. The 
evaporation of the water from the wet bulb therefore 
lowers its temperature, and the more rapid the evaporation 
the greater will be this difference of temperature between 
the wet and the dry bulbs. If the air were saturated 
with moisture there could be no evaporation, and conse- 
quently the two thermometers would stand exactly alike. 
When, on the other hand, the air is very dry, evaporation 
becomes exceedingly rapid, and the temperature of the wet 
bulb consequently falls very low. From a comparison of 
the temperature shown by the two thermometers, the dew- 
poiat, the relative humidity of the atmosphere, and the , 
quantity of vapour in a given volume of air, can be deter- 
mined by simple methods of calculation. Such an instrument 
as that just described is sometimes called a. PsyckromeUr} 

From what has been advanced in this chapter, it is evident i 
that more or less watery vapour is always to be found in the 
atmosphere ; its presence is constant, but its proportion 
variable. It may perhaps be said that the air of England 
contains on an average something like ij per cent, of 
aqueous vapour. This vapour is intimately associated with 
the other constituents of the atmosphere, all being gaseous 
bodies existing in a slate of mechanical mixture. The 
composition of the atmosphere, however, is so important a , 
subject that its full discussion must be reserved for the next , 

When the temperature of the atmosphere is sufficiently 
reduced in any given locality, the watery vapour which it 
contains condenses as a liquid, while the other constituents 
retain their gaseous slate. The liquid drops of water thiis 
condensed as rain are said to be distilled. In fact, the 

' PsychramtUr, frrm ifmypit, psiichros, cold. 
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I ■process carried on in nature is precisely similar in principle 
O the artificial process of distillation. If it is required to dis- 
1 liquid, the liquid is evaporated in a boiler, and the 
fapour conducted to the condenser, where it becomes suffi- 
r ciently cooled to be deposited in drops. The natural 
process is effected, not by boiling the water over a fire, but 
by the heat of the sun, which quietly steals vapour from 
every exposed piece of water, and the vapour thus raised 
into the atmosphere is ultimately condensed as drops of rain. 
In artificial distillation, any solid matter which happens to 
be dissolved in ihe original liquid will be left behind in the 
boiler, and the liquid consequently distils over in a state of 
purity, excepting so far as it may be contaminated by the 
presence of volatile matters. Just such a purification of 
water is effected by the natural process of distillation. The 
sea, which covers so large a proportion of the earth's surface, 
offers a vast exposure of salt water to the heat of the sun ; 
yet the salt is left entirely behind and nothing but pure water 
evaporated. Fresh water is thus being constantly distilled 
from the briny ocean. 

Thus, in seeking for the sources of the Thames, we are 
led from the springs of the earth to the rain of the heavens ; 
and from this to the watery vapour which forms part of the 
atmosphere ; and thence to the great caldron, the ocean, 
whence the heat of the sun distils that vapour. The great 
stream of fresh water which flows over Teddington Weir is 
fed, in large measure, by vapour which has been raised far 
away on the Atlantic. South and south-west winds sweep- 
ing across that ocean become highly charged with watery 
vapour ; and these warm moist winds, striking the 
Cotteswold Hills, deposit their freight of moisture in showers 
of rain, much of which reaches the Thames basin. This 
r is ultimately carried out to sea by the flow of the 
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river, and mingles once more with its parent ocean, but' 
only to be removed in due course by further evaporation. 
The waters of the earth thus move in a continued cycle, 
without beginning and without end. From rain to river, 
from river to sea, from sea to air, and back again from air 
to earth — such is the circuit in wliich every drop of water 
is compelled to circulate. The observer, who, looking down 
upoD the Thames, watches the fresh water hurrying onward 
10 the sea, must remember that the sea is not its resting- 
place, but that most of what he sees, perhaps all, will be 
distilled afresh and return Co the earth in showers which 
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Every one is familiar with the common phenomenon of 
3. piece of metal being eaten away by rust, A plate of 
polished iron or steel, for example, exposed to a moist 
atmosphere, soon loses its brilliancy, gradually becoming 
coated with a duO reddish-brown rust ; and this process of 
rusting, once set up, may go on until every particle of the 
original metal has disappeared. But let the same piece of 
bright metal be preserved in a vessel of pure water so as lo 
avoid contact with air, and it may retain its lustre unimpaired 
for many years ; thus suggesting that the air must be directly 
or indirectly connected with the phenomenon of rusting. 
It is easy to show, indeed, that many metals rapidly rust or 
lamish when exposed to even the driest air. Cut a piece of 
lead or of zinc, and observe the lustre of its fresh surface ; it 
is, in fact, almost as brilliant as a piece of polished silver, but 
this brilliancy is rapidly lost and the surface soon bedimraed 
on exposure to the atmosphere. On the other hand, there are 
many metals, such as gold, which never exhibit rust or 
lamish, however long they may be exposed. Other metals, 
again, although they do not rust at ordinary temperatures, 
may be caused to rust more or less rapidly when exposed lo 
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the ait at a high temperature. This is the case, for instance, 
with quicksilver. The rusting of this particular metal is 
worth closer study, since it was the means which led, about 
a century ago, to the discovery of the chemical composition 
of the atmosphere. 

Quicksilver, or mercury, as seen in the weather-glass, is 
as brilliant- as solid burnished silver, and this brilliancy is 
retained even after long exposure to air and moisture. But 
if the liquid metal be kept, for some time, at an elevated 
temperature in contact with air, small reddish scales slowly 
appear upon its surface, and ultimately the metal may be 
entirely converted into this substance. The red rust of 
mercury thus obtained is identical with a substance long 
known in pharmacy as "red precipitate, "^ — a substance 
which is prepared commercially by other processes more 
convenient and rapid than that of heating mercury. 

It is especially notable that during the rusting of quick- 
silver, as indeed of all other metals, there is a veiy appreciable 
increase of weight in the substance operated on. A pound 
of metal produces considerably more than a pound of its 
rust. In point of fact, every loo lbs. of quicksilver will 
produce not less than loS lbs. of red rust. This increase 
of weight shows that, during the operation of nisting, some- 
thing must be absorbed by the metal ; and as .the mercury- 
can be converted into rust when healed in contact with 
nothing but air, it is obvious that the additional matter 
must have been absorbed from the atmosphere. The nature 
of this absorbed matter may be determined by a simple i 
experiment. 

Let a small quantity of red precipitate, or rust of mercury, 
be strongly heated in a tube of hard glass, represented at a, 
Fig. 20. If the tube be heated for a sufficient time the 
jjgil powder may entirely disappear. But by making a bend 
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in the tube, as at b, you may catch anything that distils 
over; and it will be found, at the end of the experiment, 
that this part of the tube contains metallic mercury. If io8 
grains of the led powder be heated in a, you may obtain in b 
100 grains of the liquid metal; in other words, you have 
expelled all the matter which has been absorbed from the 
atmosphere during the process of rusting, and have regained 
the original weight of quicksilver. The matter which has 
been thus expelled from the powder by heat need not be 
lost ; for by attaching to the apparatus a tube C, which dips 




beneath water in a vessel d, it will be found, on healing the 
powder in A, that bubbles of gas rise in the water; and 
these bubbles may be convenienily collected in the bell-jar 
E, In this way you obtain a colourless and transparent 
gaseous body, not to be distinguished by the eye from 
ordinary air. Yet you liave only to plunge a lighted tapei 
into it in order to see at once tliat you are dealing with 
something distinct from common air. The taper burns in 
it with unusual brilliancy; and even if extinguished before 
entering the gas, so that only the merest point remains in 
> sute of glow, this glowing point will be rekindled and 
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the taper burst again into full flame. The gas is, in fact, , 
what is known to chemists as Oxygen. The red powder iji 
a combination of this oxygen with mercury, and is known 
therefore as ;-ft/ oxide of mercury or mercuric oxide. When 
strongly heated, it is completely decomposed or spht up .1 
into its constituents; every 108 grains of the red oxide 
\'ielding roo grains of metallic mercury and 8 grains of 
the gas oxygen. 

It was on the ist of August, 1774, that oxygen was 
originally discovered by Dr. Priestley. He obtained it 
from the red mercurial powder just as we have obtained it, 
excepting that he heated the powder by means of a large 
burning glass. Various other methods were soon discovered 
for obtaining the gas, and its properties were fully examined, 
especially by the Swedish chemist, Scheele, and the French 
chemist, Lavoisier. It was Lavoisier who gave to this 
curious kind of air or gas the name of Oxygen^ by which 
it is now universally known ; and it was he, too, who 1 
first showed, by the most conclusive experiments, what wa« ■ 
really the composition of atmospheric air. His determina- 
tion of the constitution of the air was made in the year 1 77 7. 
It is therefore only within the last century that chemists have 
become acquainted with the exact nature of so common 
a body as the air we breathe. 

Lavoisier took a weighed quantity of mercury and exposed 
it to strong heat in a vessel containing a confined volume of 
atmospheric air. In the course of twelve days the metal! 
was completely calcined, or converted into the red rust or ■ 
uxide. During this conversion the air diminished in bulk ■ 
while the quicksilver increased in weight ; in fact, the. 
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mercury had taken oxygen from the air, and combined 
mth it to form the red oxide, from which, by stronger 
heating, the o\ygen gas could easily be recovered in a 
state of purity. It remained, however, to inquire what 
was the character of the air left in the vessel which had 
been thus robbed of its oxygen. On plunging a taper 
into the residual air it was at once extinguished; and on 
iDtroducing a living animal into the air, the creature was 
suffocated. The latter property suggested to Lavoisier the 
propriety of giving to this foul kind of air the name of 
Aiote;^ — a name which it still retains in France, but which 
has been superseded elsewhere by the term Nitrogen 



rateiy 

air, it was found that it contained about 
the gas oxygen and four-fifths of nitrogf 
more accuracy, loo volumes of pure aii 
of oxygen and 79-2 vols, of nitrogen 
gifen volume, or measure, a given weight of 



of atmospheric 

e-fifth its bulk of 

To speak with 

ontain ao'S vols. 

If instead of a 

is examined, 

it will be found that 100 parts by weight — whether grains, 
ounces, or pounds — contain 23 of these parts of oxygen 
anU 77 of nitrogen. 

Before proceeding to examine more closely into the 
composition of atmospheric air it may be well to note 
the characters of the two constituents into which it has 
just been seen that air may be resolved. In most of the 
chemical phenomena in which atmospheric air takes part 
it is the oxygen which is the active agent. It has been 
shown that a glowing taper bursts into flame when plunged 
into osygen. In like manner sulphur, phosphorus, charcoal, 
even iron-wire, will burn with great vigour in this gas ; 



' AtoU, from the Greek pri* 
.' Mfriy™, from nilri, in co 
nf Ihe salt called n' 
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the combustible substances in all cases combinmg with the 
oxygen to form oxides. Some of these oxides are solid 
substances, whilst others are gaseous. Every act of com- 
bustion in air depends on the presence of oxygen. When 
a piece of magnesium wire bums with its dazzling splendour, 
the metal combines with the oxygen of the air to form 
oxide of magnesium or magnesia, which, after the cumbus- 
thus is left behind as a light white solid substance. When 
a piece of charcoal burns in air, the solid disappears, with 
exception of a httle ash ; the charcoal has, in fact, combini-d 
with oxygen to form an oxide which is an invisible gas known 
as mrboii dioxide or more commonly as carbonic acid. All 
our ordinary combustibles — such as coal, wood, oil, tallow, 
and wax — contain a large proportion of carbon ; and, con- 
sequently this gas is produced in considerable volume 
during their combustion. In like manner, the respiration of 
animals depends upon the presence of oxygen in the 
medium by which they are surrounded, whether air or 
water. A kind of slow combustion goes on in the body ; 
and the oxygen, taken into tlie system through either lungs 
or gills, is, in part, consumed in the formation of carbonic 
acid gas, which is expelled through the same organs. Oxygen 
is therefore as needful to support animal life as to support 
flame, and hence it was at one time known as " vital ait." 
After death, again, the matter which was once living is 
subject to a process of oxidation or slow combustion, by 
which it is converted, for the most part, into compounds 
which contain a larger proportion of oxygen. Oxygen is 
therefore essenbal to the maintenance of combustion, respi- 
ration, decay, and many other natural and artificial processes 
in daily operation. In pure oxygen, all these actions would 
be carried on with undue energy, and the nitrogen of the air , 
pUysan important part in I empering the activity of the oxygen 
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with which it is associated. This nitrogen is remarkable 
for its inertness; it extinguishes flame and it does not 
support life : yet it kills, not by being absolutely poisonous, 
but simply by excluding oxygen. A fresh supply of air 
is therefore constantly required by a living animal, not 
because the nitrogen is deadly, but because the needful 
, oxygen is absent 

But although nitrogen is not a dangerous gas, there are 
other gaseous bodies always present in the atmosphere which 
in a pure state are active poisons. Let a saucer of clear 
lime-water be exposed to the air, and in a few hours the 
surface of the liquid will be covered with a thin pellicle of 
whitish matter; this is produced by something absorbed 
from the atmosphere, yet neither oxygen nor nitrogen 
produces the effect It is due, indeed, to the presence of 
the gaseous substance to which reference has already been 
made under the name of carbonic add gas ; this gas, acting 
on the lime-water, forms a soHd carbonate of calcium, or, as 
it is more commonly termed, carbonate of lime ; and it is 
this white solid substance which forms the thin skin on the 
surface of the water. Carbonic acid gas, which is thus 
proved to exist in the atmosphere, is a compound of two 
distinct substances — carbon and oxygen. The oxygen has 
been already described : the carbon is a solid body abun- 
dantly distributed through nature, though rarely occurring in 
a state of purity. In its purest native form, it crystallises as 
the diamond ; in a less pure condition it constitutes graphite 
or " black-lead ; " and, in chemical combination with other 
substances, it forms a large proportion of coal and of all 
other ordinary forms of fuel. It enters largely, too, into the 
constitution of all living matter, whether animal or vegetable ; 
and it is left (mixed with a greater or less proportion of other 
substances) when these substances are charred or imperfectly 
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Irnmt, as in coke, wood-charcoal, animal -charcoal, &c. 
During all the processes of combustion, respiration, and 
decay, this carbon combines with the oxygen of the air to 
form carbonic Jicid, and hence tliis gas is constantly being 
poured into the atmosphere. Breathe through a straw into 
a glass of clear lime-water, and you will see that the liquid 
becomes milky as the carbonic add gas expired or breathed 
out from your lungs bubbles through the previously limpid 
liquid. If you then pour a little vinegar into the cloudy 
liquid, the milkiness immediately clears up, because the acid 
dissolves the solid white carbonate of lime which had been 
formed by your breath. Carbonic acid gas is set free by Ilii: 
action of the vinegar; and, if there is enough of the solid 
carbonate in the lime-water, you ma^' actually see the gas 
escaping in little bubbles. This bubbhng, or effervescence, 
is likewise produced when vinegar, or almost any other acid, 
is poured upon an egg-shell or an oyster-shell, upon a piece 
of chalk or limestone or marble. All these substances con- 
sist, in truth, of carbonate of lime, and are decomposed by 
the acid with evolution of carbonic acid gas. If Cleopatra 
ever dissolved the pearl, as the story tells, or Hannibal 
softened the rocks of the Alps with vinegar, a chemical 
decomposition was effected exactly like that just described. 
In consequence of the gas being thus, as it were, bound in 
various solid substances, its discoverer. Dr. Black, of Edin- 
burgh, bestowed upon it the name oi fixed air. A taper 
plunged into this air is at once extinguished, and an animal 
is suffocated. Hence the great necessity of duly renewing 
the air in dwelhng rooms. And it is obvious that, the 
greater the number of people in the room, and the greater 
the number of gas-burners, lamps, or candles alight, the 
more need is there of efficient ventilation. 

As carbonic acid gas is being constantly produced by 
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iuch processes as combustion and respiration, it is clear that 
the proportion of this gas in the atmosphere must vary 
locally, being, for exam|3le, higher in a crowded space than 
in the open countiy. The average proportion of carbonic 
acid in the air may be estimated at from "03 to -04 per 
cent, by volume j thus ten thousand gallons of air will 
contain between tliree and four gallons of carbonic acid. 
Dr. Angus Smith has published, in his work on " Air and 
Rain," a large number of analyses of air from various 
localities, with the view of determining the variation in 
the proportion of carbonic acid ; and, from his analyses, 
the following examples are selected :— 

Fa-centage of Carbonic Acid in Air. 

On the Thames at London, mean, "0343 

In the streets of London, „ -0330 

From the top of Ben Nevis '^I'^l 

From the Queen's ward, St. Thomas's Hospital . . ■□400 
From the Hay market Theatre, dress circle, at 

II 30 I"'" ■0757 

From Chancery Court, 7 feet from ground . . . "1930 

From Underground Railway, mean '1452 

From workings in mines, average of 339 samples . 'i^^o 
Largest amount in a Cornish mine a^ooo 

These figures express pfrcentages, but it is obvious that 
they may be read as whole numbers per million. For 
example, instead of saying that air from the streets of 
London contains on an average ■0380 per cent., it may 
be said that a million gallons of the air contain 380 
gallons of carbonic acid ; that a million gallons of air froni 
the Thames contain 343 gallons of the gas j and so on. 

Since the atmosphere is constantly receiving vast volumes 
of carbonic acid from various sources, it might not un- 



naturally be assumed that this gas would unduly accumulate, 
and at length vitiate the entire bulk of the alniosphi 
Such accumulation is, however, prevented by tlie actior 
living plants. To show that so small a proportion of t 
bonic acid in the atmosphere as o'o^s per cent is sufficient 
to supply tlie vegetable world with its carbon, it is simply 
necessary to calculate the weight of this gas in the atmo- 
sphere resting on a square mile of land. The weight of ail 
on this area is about 59,012,997,120 lbs., {or 26,345,088 
tons), and the carbonic acid which it contains weighs not 
less than 13,800 tons. The weight of carbon in this car- 
bonic acid is about 3,700 tons. The carbonic acid, so in- 
jurious to the animal, is the source whence ordinary plants 
derive the whole of the carbon in tlieir structure. Wood, 
for example, contains about half its weight of carbon ; yet 
every particle of carbon in a forest of trees has been, de- 
rived from the gaseous carbonic acid invisibly distributed 
through the surrounding atmosphere.' 

Before leaving the subject of carbonic acid, it should be 
remarked that this gas is one of great density, being in I 
about half as heavy again as an equal bulk of atmosphi 
air. It might, therefore, not unfairly be assumed tftat the 
carbonic acid in the atmosphere would tend to settle down 
in a stratum near the ground. If we shake up a mixture of 
liquids of different densities — say mercury, water, and oil- 
the liquids soon settle down, after agitation, in the order of 
their relative weights ; the heavy quicksilver sinking to the 
bottom, and the light oil floating on the top of the water. 
Such a separation does not however take place when gases 
ai different densities are mixed. The following table shows 
the densities, or specific gravities, of the three gases which 
compose the atmosphere :— 

1 This subject will be further discussed in Chapler XIV 
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Nitrogen .... 0-9713 

Oxygen 1*1056 

Carbonic-acid gas . . 1*5203 

The term specific gravity is used to denote the weights of 
equal bulks of different kinds or species of matter, compared 
with some known standard. Air is the standard used in the 
comparison just made, and it is seen from the figures that . 
if a given bulk of atmospheric air weighs 100 pounds, then 
the same bulk of nitrogen weighs 97 pounds ; the same 
volume of oxygen no pounds, and of carbonic acid 152 
pounds. Hence it might be assumed that the atmosphere 
would consist of three strata or layers (like the mixture of 
quicksilver, water, and oil), with the nitrogen as the top 
layer, and the carbonic acid at the bottom. As a matter of 
fact, however, this is not the case. All gases tend to inter- 
mingle with each other, so that when different gases are 
mixed they soon produce a uniform mixture, in spite of 
differences in their relative weights ; in fact, the particles of 
the heavy gas rise and the particles of the light gas fall, 
until they are completely diffused through each other. In 
consequence of this property, the composition of the 
atmosphere is kept practically uniform, although local 
variations, within narrow limits, may be detected. 

In addition to the oxygen, nitrogen, and carbonic acid, the 
atmosphere always contains other constituents, but only in 
subordinate and variable proportions. The gas called am- 
moniay well known as the pungent gas which escapes from 
" spirit of hartshorn," is constantly present in the air, being 
indeed . evolved from decomposing animal and vegetable 
matter. Yet the proportion of ammonia is always excessively 
small ; for example, twenty grains have been obtained from a 
million cubic feet (or 536 million grains) of air. This ammonia 



is & compound of nitrogen with a gas called hydrogen, which 
will be described in the next chapter ; it is necessary however 
to refer briefly, in this place, to the composition of ammonia, 
since this gas, though present in only such minute proportion, 
directly or indirectly furnishes to plants a large part ol 
their nitrogen, just as the carbonic acid gas supplies th 
with their carbon. Traces of nitric add, the substance 
known commonly as aquafortis,^xt occasionally found in 
atmosphere, especially after thunderstorms ; this nitric acid 
readily combines with the ammonia to form nitrate of am 
monia, the presence of which may frequendy be detected ii 
rain water. Sulphuretted hydrogen, an offensive gas given 
off during the putrefaction of animal and vegetable matter, 
may also be often found in the air ; and a few other gases 
are sometimes present, especially in air taken from the 
neighbourhood of large towns. Nor should mention be 
omitted of the organic geri/is, which constantly float in 
the atmosphere, but of which it is beyond our present pur- 
pose to speak. As to the watery vapour, which is ever 
present in the air, it is unnecessary to say anything here, 
since the subject was fully discussed in the last Chapter. 

This watery vapour differs from the other constituents of 
the atmosphere principally in the ease with which it may be 
condensed or liquefied. Hence it is generally called a 
vapour rather than a gas. Yet there is really but little 
distinction between the two classes of bodies ; a vapour 
being nothing more than an easily-condensible gas, Steam^ 
for example, is liquefied by a comparatively slight reduction 
of temperature, while carbonic acid and a number of odier 
gases require a great reduction of temperature or a great 
pressure, or even a combination of cold and pressure, in 
order to assume the liquid formj and, until quite recently, 
several of the gases had resisted all attempts to Uquefy • 
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them, and were therefore termed permanent gases. In 
the closing months of 1877, however, M. M. Pictet and 
Cailletet succeeded in bringing even the most refractory 
gases, such as oxygen, hydrogen, and nitrogen, into the 
liquid state. 

When a liquid is evaporated, or converted into gas or 
vapour, it undergoes a great increase of bulk, but its weight 
remains unaffected. A pound of water, for example, pro- 
duces neither more nor less than a pound of steam. It is 
clear, therefore, that gases and vapours, although generally 
invisible, must possess weight ; but this weight is necessarily 
small compared with that of the same bulk of matter in 
the liquid or solid state. Atmospheric air is, in fact, about 
800 times lighter than an equal bulk of water, and as much 
as 1 1,000 times lighter than an equal volume of quicksilver. 
Yet the weight of air, small as it seems, amounts to some- 
thing considerable when we are dealing with a large bulk, 
or even with such a quantity as is contained in an ordinary 
dwelling-room. It is found by actual weighing that 100 
cubic inches of air, under ordinary conditions, weigh about 
3.1 grains ; in other words, it requires 13 cubic feet of air to 
weigh a pound avoirdupois. Suppose then that we have a 
room measuring 10 feet long, 10 feet wide, and 10 feet high : 
this will contain 1,000 cubic feet of air, and the weight of 
this air will be about 77 pounds. But the room just taken 
is a very small one, and if the calculation be extended 
to a large public building it will be found that the air 
which it contains weighs more than is commonly imagined. 
Thus, Westminster Plall has a length of 290 feet, a 
width of dZ feet, and a height of no feet; its contents 
must therefore be 2,169,200 cubic feet, and the weight of 
the air in this hall reaches the enormous amount of nearly 
75 torn I 
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Since air possesses weight, it necessarily presses upon any 1 



object exposed to it 



Tiie atmosphere forms a 



ocean of air batliing the entire earth ; and, on the fJoor of 
this ocean, man, in common with all terrestrial beings, has 
his dwelling. Everything around us on the earth's surface 
must therefore bear the pressure of the air above, just as 
anything on the bed of the ocean is pressed upon by the 
superincumbent water. The depth, or rather the height, of 
this aerial sea has never been determined, but there are 
reasons for believing that the atmosphere extends to at 
least so miks npwards from the earth's surface. Hence 
it is clear that all terrestrial objects must be subjected to 
enormous pressure. The roof of a house, for example, has 
to bear the pressure of a column of air resting upon its 
surface and extending upwards to the limit of the atmo- 
phe e Now s found that our atmosphere exerts 

a p essu e of ne ly 15 lbs. {1473 lbs.) on every exposed 
square ncl of s e. The roof is consequently pressed 
upon by a y\ of many tons. Yet the most delicate 
uc u e may be f eely exposed to the atmosphere without 
the slightest danger of being crushed. This arises from 
the fact that fltiids'^ transmit pressure in a manner entirely 
different from that in which it is transmitted by solid 
bodies. A solid presses downwards only, but a fluid 
presses equally in all directions, upwards as well as (lown- 
wards. The air in a room, for instance, presses on the 
ceiling not less than on the floor ; and on each of the 
walls not less than on the ceiling. Under ordinary con- 
ditions, therefore, the atmosphere has no power to crush,, 
because its pressure downwards is exactly neutralised by 

' Fluid, from fins, I flow; a tetm embracing both Hipiids anigaitl' 
or vapouri, since thi; particles of bolh classes of bodies flow freely ovrf, 
each other. 
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its pressure upwards. Extend your hand, and you feel no 
pressure, though it is certain that every square inch of its 
surface bears a pressure of nearly 15 lbs., and the entire 
hand must therefore sustain a very large total pressure ; 
but the weight upon the upper surface is counteracted by 
the upward pressure of the air on the under surface, the 
two equal and opposite pressures neutralising each other. 
Nor is there any tendency for the hand to be crushed 
between these opposing pressures, for the air and other 
fluids in the vessels and various tissues of the body press 
equally in all directions, so that any pressure from without 
is perfectly counterbalanced by an equal pressure from 
within. The thinnest soap-bubble sails safely through the 
air, though its outer surface must sustain a pressure of 
many pounds ; for the air within the bubble presses just as 
forcibly against the inner wall, and thus resists the external 
atmospheric pressure, and effectually prevents collapse. In 
the common toy known as **Jack in the Box" a spring 
inside the figure presses upwards against the lid when 
tightly shut down; and in like manner the walls of a 
closed vessel containing air are pressed outwards by the 
elastic force of the confined air. If the air be removed 
from the interior of a closed vessel, so as to leave a 
space altogether empty or vacuous, the pressure of the 
external atmosphere becomes at once evident, since it 
is no longer counterbalanced by any force from within ; 
a thin glass vessel, for example, may easily be shattered 
by sucking the air from its interior. 

It is easy to measure the amount of this atmospheric 
pressure by a simple experiment, first made in 1643, by an 
Italian philosopher named Torricelli. Take a glass tube, 
rather more than 30 inches in length, closed at one end 
and open at the other; fill this tube with quicksilver, and 
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closing the open end with the thumb, as shown in the | 
right-hand figure of Fig. 21, invert it in a basin of mercury 
so that the open end may dip beneath the liquid ; it will 
then be found that the mer- 
cury falls for a short distance 
in the tube, but that a column 
about 30 inches in length re 
mains suspended, as shown 
in the left-hand figure. Tor- 
ricelli argued that thiscolumn 
must be supported by the 
pressure of the external at- 
mosphere on the surface of 
the mercury ; the downward 
pressure of the column of mer- 
cury being exactly balanced 
by the upward pressure of 
the atmosphere transmitted 
through the quicksilver. In- 
deed, if we admit air by 
making a hole in the top 
of the tube, the column im- 
mediately falls, since it is 
then pressed down by the 
atmosphere above; but when 
the tube is closed there is no 
Fig. ai,— TDtriceiii's esptrimeiii. atmospheric pressure on the 
top within the tube, for the 
space above the column of mercury is completely empty, or 
rather contains only mercurial vapour, whence it is called 
the Torricellian vacuum. Since the column of mercury in- 
side is balanced by the atmosphere without, it follows that if 
we know the weight of the mercury we know also the weight 
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of a column of air standing on a similar base and extending 
upwards to the extreme limit of the atmosphere. Now a 
column of mercury 30 inches long, in a tube of one 
square inch in sectional area, weighs about 15 lbs.; hence 
it is found, as before stated, that the weight or pressure of 
the atmosphere is about 15 lbs. on every square inch. 

If instead of using a dense liquid, like mercury, the ex- 
perimentalist took a lighter one, such as water, he would 
naturally expect that the column required to balance the 
weight of the external atmosphere would be proportionally 
longer. As a matter of fact it is found that, when water is 
used, the suspended column is something like 33 feet in 
length : in other words, as water is about 13 J times lighter 
than mercury, bulk for bulk, the column of water will be 
about 13 J times longer than the mercurial column. It was 
indeed, by observing a body of water raised in the suction. 
pipe of a pump at Florence, that Torricelli was led to his 
experiment with quicksilver. In working a common pump, 
air is sucked out of the tube communicating with the source 
of water below, and the pressure of the atmosphere then 
forces the water up the pipe in order to supply the place 
of the air which has been removed. But, when the pipe 
reaches a length of more than about 30 feet, the column of 
water which it contains balances the atmospheric pressure, 
and consequently if the tube be longer than this no more 
water rises, and the pump ceases to act. In seeking to 
find out why water cannot rise higher, Torricelli was led to 
make the experiment to which reference has been made, 
and to construct the instrument which is represented on the 
left-hand side of Fig. 21. It is called a Barometer?- 

1 Barometer y from fidpo^, baros, weight, and fiirpoVf meirotiy measure ; 
an instrument for measuring the weight of the atmosphere. Thermo- 
meter^ from 0€pfios, thermos^ hot; an instrument for measuring tem- 
perature. 
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Various forms have been given to the barometer, but ! 
with the exception of the anavid'^ — an entirely distinct"] 
instrument— they all depend on the same principle, namely, ' 
that of causing a column of liquid to be balanced against 
the weight of the atmosphere. Almost any liquid may be 
employed, but as a matter of convenience, mercury is the ■ 
only substance in common use.° I 

As the pressure of the atmosphere in any given locality 
varies from day to day, and even from hour to hour, the . 
height of the mercurial column is subject to corresponding i 
t^uctuation. The great use of the barometer, in fact, is to 
indicate these changes of atmospheric pressure — changes 
which are of vast importance to the meteorologist, since they ' 
are related to general changes in the weather. Not that the 
barometer forms a "weather-glass" as popularly understood: ' 
it does not indicate absolutely the character of the forth- 
coming weather, and the indications given on the dial of ■ 
common instriunents are scarcely of any scientific value. [ 
But still the changes in atmospheric pressure point to 
changes in the winds ; and these are the prime movers in . 
effecting changes in our weather. Hence, the readings of j 
the barometer form the chief element in the weather-charts ,1 
and reports issued of late by most of the London daily 
papers, and as these are forced every morning upon the 

' Antroid, from the privative d, and i-lpi(, neros, moist ; an instramenl 
in which the pressure of the atmosphere icls upon a thin elastic metal 
cose, the movements of which are transmitted to a diaL 

' Water-barometers have occasionally been constnieted, but their 
great length renders them unwieldy, and they are also open to other 
objections. One of these instruments may be seen in the Musei 
Practical Geology in Jermyn Street. Glycerine has also been used by 
Mr. J. B. Jordan, as may be seen in an instrumer.t erected by him at J 
South Kensinjjloii. But for all ordinary purposes mercury is invariably 1 
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reader's attention it may be worth while to explain the kind 
af infonnation which they give, and how they are to be 
nterpreted. 

Tig, aa is a reproduction of the weather-chart given in the 




Times of to-day (March 31, 1877), and it shows the state 
of the weather at 6 p.m. yesterday. The most striking 
feature in the chart is the series of dotted curved lines. 



» 



which are called isobars.^ An isobar is simply a line c 
necting all those places which have, at a given time, the 
same barometric pressure. Thus the first isobaric lin^ 
Teckoning from the bottom of the chart, passes through the 
south of Irelaud and the south-west of England, and then 
sweeps in a bold curve through France into the Bay of 
Biscay. At all points along this course the barometer stood . 
at 30-1 inches, as indicated by the figures at each extremity 
of the curve. The next isobar, pissing across the north of _ 
Ireland and England, is marked 30 inches, so that between 
the two lines there is a difference of pressure equal to that 
of one-tenth of an inch of mercury. Another isobar 
stretches across Scotland, and indicates a pressure of 29-9 
inches ; and the last curve on the chart is drawn through 
the north of Scotland, where the mercury stood at 39-8 
inches. The chart therefore shows at a glance the distri- 
bution of atmospheric pressure over the area represented, 
and from this we can learn a good deal about the character 
of the winds. Between two successive isobars there i 
difference of pressure represented by onc-ienth of an inch 
of mercury, and the distance between these two lines gives 
us the gradient. This term is familiar enough in engineer- ! 
ing ; if a railroad, for example, rises one foot for every 1 
100 feet of distance, the line is said to have a "gradient " 
I in I DO. The gradient is therefore the engineer's expres- 
sion for the slope of the ground ; in like manner it i 
meteorologist's expression for what has been called the slope \ 
of the atmosphere. Only, in talking about meteorological j 
gradients, it must be borne in mind that the vertical ] 
scale is measured in hundredths of an inch of barometric I 
pressure, wliile the horizontal scale is measured in miles of ] 
distance, the unit being one degree, or 60 nautical miles, j 

' Imbar, from lam, ises, equal ; and Bifs, taras, weigbL 
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Hence a gradient of 4 means that over a distance of 60 
nautical miles the barometer rises y^ or ^ of an inch. If 
the isobars run close together it shows that the gradient is 
high, and therefore the winds will be strong; if they are 
wide apart the gradient is low, and the winds are light. 
Thus, in Fig. 22, the isobars indicate only light winds. 

Although much may be learnt about winds by studying 
the isobaric lines, it must not be supposed that the air blows 
directly from regions of high pressure to those of low 
pressure. Prof. Buys Ballot of Utrecht has however laid 
down a law which gives the exact relation of winds to 
pressure, and which may be thus expr^sed : " Stand with 
your back to the wind, and the barometer will be lower on 
your left hand than on your right." Thus expressed, how- 
ever, the law is true only for the northern hemisphere ; in the 
southern it will be reversed, the barometer being lower on 
the right hand than on the left The same principle may 
be enunciated in another form. If you stand with the 
high barometer to your right and the low barometer to 
your left, the wind will blow on your back. The course 
of the isobars in the chart therefore indicates the direction 
of the wind, just as the distances between these lines 
indicate its strrngth?" Every Thursday the Times issues a 
weather diagram giving a graphic representation of the 
meteorology of the week, sufficiently explained, however, 
by the description which is annexed to it 

Whilst the Tifnes publishes daily charts with isobaric 
curves, the other morning papers give their meteorological 
reports in different shapes. Fig. 23 is copied from the 
Daily News of to-day (March 31, 1877). It represents 

^ The arrows on Fig. 22 fly with the wind ; the asterisks indicate 
the position of meteorological stations ; and the figures give the shade 
temperature. For further information see Mr. Scott's "Weather 
Charts." 1876. 



tlie upper part of the scale of the barometer, ranging from 
29 inches to 3o|- inches. The height of ihe mercury is 
seen at a glauce by the thick, black lines, and we thus not- 
only learn what it was in London at 1 a.m. on the morning 
of issue, but can compare this with the reading for the 
same hour on tlie three preceding days. Thus it is seen that 
on the 31st, the barometer stood at about 3d'o5 inches; oti' 
the 30th, it was z^-86; on the zgth, ag-Si; and, on the 
aSth, it stood at 29-58 inches. It is evident, therefore, from 
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this report that llie mercury has been steadily rising. Such 
comparative readings are of great value, inasmuch as the 
character of the weather is dependent, not so much on the 
absolute height of the barometer, as on whether the merairjr 
is rising or falling, and whether moving slowly or rapidly. 
It should be added that the recent barometer charts of the 
Daily News indicate the extreme variations of the instru- 
ment by means of dotted lines. 

The barometer chart published by the Daily Ttiegrapt- 
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for the same day is given in Fig. 14. This shows, by a ' 
graphic method, the movements of the barometer for four 
days, ending ac midnight of March 30-31. Tlie thick 
curved line, running across the diagram, represents the 
variations of the mercurial colunm, and it is seen, as before, 
that the barometer has been slowly rising; the line taking, 
in fact, a steady upward course from 2^-1$ to 30*06 inches. 
it should be explained that, in all these charts, the actual 
reading of the barometer has been reduced to certain 
standards, in order to secure the requisite uniformity for 
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comparison. These corrections refer to the height at 
which the instrument is placed, and to the temperature at 
which the reading is taken. It is obvious that the baro- 
roeter will be affected by its height above the sea-level ; for, 
as we ascend, we leave a portion of the atmosphere below 
us, and, consequently, the pressure is lessened and the 
mercury falls. Hence a barometer at the top of a house 
always reads lower than one on the basement ; the instru- 
ment is, indeed, often used for the approximate measurement 
of heights. Barometric readings from different stations 
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; therefore be compared together until we know 
what elevations the instruments are situated ; one observer 
y live on high ground and another on low, one may have 
his barometer up stairs and another down stairs. Hence it 
baa come to be understood that all barometric readings 
shall be reduced to what they would be if the instrument 
e at the sea-level, which gives,of couise, a fixed datum 
line. Then, again, the barometer needs correction for 
temperature. Mercury, in common with other liquids, 
expands by heat, and expands much more than the glass 
tube which holds it; hence the barometer will rise on a 
hot day and fall on a coid day, although the atmospheric 
pressure may not have changed. It is essentia! therefore 
that all barometric readings sliould be reduced to the same 
temperature, and the standard taken for this purpose is the 
freezing-point of water, or 32° of Fahrenheit's thermometer. 
All the figures given in tlie newspaper charts are conse- 
quently reduced to sea-level and to 32°. 

The Standard, instead of giving diagrams or cJiarts, 
publishes reports which, in addition to barometric readings, 
convey to the reader a good deal of useful information 
relating to the weather. This will be seen in the following 
example extracted from to-day's issue (March 3tst, 1877): — 
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gives the readings of the barometer Ibr six consecutive 
, taken daily at 7 p.m., and duly corrected as just 
explained. The table also gives the direction of Uiii 
wind at the same hour each day ; and indicates the humidity 
of the atmosphere, by 3 comparison of the wet and dry 
bulbs of Mason's hygrometer, represented in Fig. ig. It 
likewise gives the highest and lowest temperature, during the 
day, and the depth of rain which had fallen in the course 
of the twenty-four hours. The column left blank, but 
headed " Maximum solar radiation in vacuo" is intended to 
receive the readings of a radiation thermometer. This 
generally consists of a delicate thermometer, having a dull, 
blackened bulb, and inclosed in a glass tube, from wliidi 
the air has been removed. The instrument is freely exposed 
io the heat of the sun, and its maximum reading is registered. 
The greatest amount of solar radiation which occurs during 
the day is then indicated by the excess of this temperature 
over the maximum temperature of the air in the shade. 

Although, in this chapter, the subject of atmospheric 
pressure has been dwelt upon at some length, it must not 
be supposed that we have travelled away from our specific 
purpose — the study of the basin of the Thames. It has 
been pointed out that difierences of atmospheric pressure 
give rise to the winds, and the character of the winds 
determines the supply of atmospheric moisture by which 
the river is fed. It is, therefore, hardly too much to say 
that, in the long run, the flow of the Thames is regulated by 
ihe changes in the atmosphere which are registered by the 
barometer. 

Moreover, every phenomenon of oxidalion and combustion 
and the well-being, and even the very existence, of every living 
thing upon the surface of the Thames basin are absolutely 
dependent upon the composition of the air which covers it. 
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CHAPTER VII. 

THE CHEMICAL COMPOSITION OF PUKE WATER. 

Had tlie question, " What is water ? " been asked a 
century ago, the wisest chemist of the day could have re- 
turned no answer, save that which might have been given 
thousands of years earher. He would have replied, in 
short, that water, like air, is one of the elementary prin- 
ciples of Nature. And, yet, there had not been altogether 
wantiug observations which suggested that, after all, water 
might not be a simple substance. Thus, the sagacity of 
Sir Isaac Newton led him to infer from his optical studies, 
that water might consist oi ingredients which were unlike 
each ocher, and that one or more of these might be 
inflammable. Such conjectures, however, could not be veri- 
fied until considerable advance had been made in chemical 
science ; and it was reserved for the chemists of the last 
quarter of the eighteenth century, soon after they had 
determmed the composition of atmospheric air, to demon- 
strate the true chemical constitution of water. Cavendish 
and Watt in this country, and I^voisier in France, not to 
mention other chemists, have been put forward as compe- 
titors for this honour, but the weight of evidence appears 
strongly in favour of the claims of Cavendish. With- 



out entering, however, into the famous " water controversy," 
let us see what are the simplest means by which the 
composition of so common a substance may be ascer- 
taiaed. 

In these days of electric telegraphy every one is familiar 
^biith the instrument known as l\\e galvanic or voltak battery . 




In the year 1800, Messrs. Nicholson and Carlisle discovered 
that, when a current of electricity from a galvanic battery is 
sent through water, the liquid is at once split up into its 
constituents. Fig. 25 represents an ingenious apparatus, 
devised by Dr. Hofmann, for effecting this decomposition. 
[ coDsists of a U-shaped tube of glass, OH, connected 



with a long upright tube C, which springs from the I 
the U. Each Urab of the U-tube has, at the top, an orifice 
closed by a stopcock. This tube, and part of tlie as 
cending tube, are filled with water, made slightly sour 
by addition of a little oil of vitriol in order to render it a 
better conductor of electricity ; but, it should be borne in 
mind, that the acid does not otherwise affect the result of 
the experiment. In each limb of the U-tubc is a piece of 
platinum, which communicates, by means of awire, with one 
end of tlie galvanic battery, AB. When the battery is in 
action, a current of electricity passes in the direction indicated 
by the arrows. Starting from one end A of the battery, it 
passes through the wire to the tube O, where it enters the 
water through the platinum plate. This plate forms one of 
the electrodes ' or entrances by which the electricity reaches 
the liquid. The current is then conducted tlirough the 
acidulated water to the platinum electrode in the tube H, 
and thence back to the battery at B, thus connpleting the 
circuit Eut, during this circuit, the current has wrought 
a curious change in the water through which it has passed. 
As soon indeed as the eleclric current traverses the liquid, 
streams of little bubbles rise from the two platinum plates, 
and the gases thus produced accumulate in the upper part 
of the closed tubes, whilst the displaced liquid is forced 
into the tube C, where the column consequently ris 

These bubbles of gas result from the decomposition of 
the water. T!ie electricity, in fact, splits the water into two 
distinct kinds of matter, both gaseous ; one gas appearing at 
the pole where the current enters, and the other gas where 
it leaves the water. Our apparatus enables us to collect 
each constituent separately and to examine its properties. 
On opening the stopcock at the top of tlie limb O, the 
* Elalrodt, from iWt, hodos, a «ay ; otherwise CBllEd the pole. 
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head of water in C will force the gag out of the narrow 
orifice, and it can be examinefl as it escapes. On applying 
a mate!) wiili its end in a state of glow, it bursts suddenly 
into flame, and burns vividly (Fig. 26), just as it did in the 
oxygen described in the last chapter; we have in fact now 
obtained oxygen by the decomposition of water. On apply- 
ing a flame to the gas which issues from the other tube, h, 
it catches fire and burns with a pale flame ; this is the gas 
jp'hich was formerly known as inflamviabk air, and is sow 
^led Aydrogm.' The longer the current of electricity is 
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allowed to pass, the more oxygen and hydrogen are 
generated ; and, if the current could be continued for a 
Eufficient time, all the water might be thus decomposed, 
and resolved into these two gases. This experiment there- 
fore shows that pure water consists of oxygen and hydrogen. 
Hut it teaches more than this. You cannot fail to observe, 
from the figures, that the quantity of gas generated is not 
; same in each tube. In fact, a careful examination 
lows that twice as much hydrogen as oxygen is obtained. 

' ifydrtgen, from GSud, kudar, water ; 711*1101, gennae, to produce. 
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If a cubic inch of oxygen is generated, two cubic inches of 

hydrogen will be obtained in the same time ; and it is 

found that these proportions are exactly preserved, where- 

ind whenever water is subjected to decomposition, 

in, not only that water is composed of the 
two substances, oxygen and hydrogen, but that they exist 

1 constant proportion ; so that, when they are 
set free and assume the gaseous state, there is always one 
volume of oxygen to two volumes of hydrogen gas. 

This experiment gives a cleat insight into the essential 
constitution of water. None of the changes which were 
described in preceding chapters had in any way affected 
this constitution. Water may be frozen, for example, into 
solid ice, but the ice will consist of oxygen and hydrogen 
in exactly the sanie proportions as in the liquid water. 
The water may be boiled and become the invisible gas, steam, 
but the steam will consist of oxygen and hydrogen in exactly 
the same proportions as in the water or in the ice. It will 
thus be understood that the physical properties of matter 
may be altered without affecting its deeper chemital con- 
stitution. The three conditions of a solid, a liquid, and 
a gas— represented respectively by ice, water, and steam 
— are physical states dependent mainly on temperature, and 
the chemical constitution of steam remains unaltered by a. 
temperature far above the boiling point, while that of ice 
is not affected by any kno^vn degree of cold. It frequently 
happens, however, that the application of heat, instead 
of effecting merely physical changt, produces chemical 
alteration in the substance. This was the case, it will 
be remembered, with the red oxide of mercury referred to 
in the last chapter (p. 77); when heated it did not melt, or 
fuse, or liquefy, but was at once split up into its constituents 
— mercury and oxygeti. And, in like manner, under certain 
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conditions, water may be resolved into its elements by the 
application of heat alone, just as it may be decomposed 
by means of electricity. This interesting fact was discovered 
by Sir W. R. Grove, more than thirty years ago. He found 
tliat if a piece of the metal platinum, such as a small solid 
bail, be made white hot, as may be done by the intense 
Ileal of the oxy-hydrogen blowpipe, and then be suddenly 
plunged into water, the liquid is at once decomposed into 
its constituent gases. But although this process is of great 
theoretical interest, it is not one which in the present state 
of science can be advantageously applied to the decom- 
position of water. 

Having obtained oxygen and hydrogen by the decom- 
position of water, it may naturally be inquired whether 
ihese substances cihnot in turn be decomposed. To this 
question it can be simply replied that the most skilful 
chemists have hitherto failed to effect such decomposition. 
They have fbiind it impossible to obtain from oxygen 
in)lhing but oxygen, or from hydrogen anything but 
hydrogen ; and, in the present state of our knowledge, these 
bodies are consequently regarded as elementary or simple sub- 
sances. Nitrogen, which was obtained from the atmosphere 
(p. 79), is another of these elements; and altogether chemists 
are acquainted with not fewer than sixty-four of these simple 
bodies, a large proportion of which are metals. Everything 
existing around us is consequently regarded by chemists 
cither as an elemetU or as a compound. Oxygen, hydrogen, and 
nitrogen are elements ; carbonic acid, ammonia, and water 
are compounds. These compounds generally have proper- 
ties very different from those of their constituents ; thus, in 
none of its physical forms, does water possess the properties 
of cither hydrogen or oxygen ; even as steam, it differs 
markedly from these, being neither combustible like the 
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one, nor a supporter of combustion, like the other. When 
two substances are simply mixed together, without entering 
into chemical combination, they produce a mixture, having 
properties which partake of (hose of its components. Thus 
if four volumes of nitrogen are mixed with one volume of 
oxygen, a mixture is obtained which resembles atmospheric 
air, and is precisely what we should expect to produce ; the 
activity of the oxygen being tempered by dilution with 
nitrogen. For this, and other reasons, chemists believe that 
atmospheric air is a mechanical mixture of gases ; whilst 
water is a true chemical compound. 

In the methods hitherto described for the decomposition 
of water, purely physical forces have been employed ; in the 
one case it was electricity, in the other case heat But a 
similar decomposition may be effected by means of , 
chemical agencies. It has just been shown that water is a. ' 
compound of oxygen and hydrogen ; if, therefore, a body be 
presented to it which has a very strong attraction for one of 
these components, say the oxygen, it seems likely enough 
that we shall be able to draw this away, and leave the other 
constituent free. And such in truth is the case. Many of 
the metals have powerful attraction for oxygen ; and, under 
proper conditions, are capable of removing it from water, 
and thus eliminating the hydrogen. There is, for example, 
a metal well known to chemists as potassium, so called 
in consequence of its existence in common "potashes." 
Potassium so eagerly combines with oxygen that the 
moment it is exposed to the atmosphere its surface becomes 
covered with a film of oxide. Throw a small piece of 
potassium upon water, and immediately a brilliant little 
violet flame bursts forth upon the surface of the liquid, and 
darts hither and thither until all the metal is spent. By this 
means the -water is broken up ; and the potassium has dis- 



placed a part of the hydrogen so energetically that sufTicietil 
heat has been produced to ignite the gas thus set free 

Certain other metals closely related to potassium will also 
effect the decomposition of water, but the action is less 
energetic than with potassium. The metal sodium, one 
of the constituents of common "soda," rends the water 
asunder, combining with its oxygen and turning out the 
hydrogen; but the liberated gas does not catch fire spon- 
taneously, at least if the water be cold. Cautiously hold a 
piece of sodium under water by means of a little wire-gauae 

^^toon(Fig.27),and bubbles of gas will immediately arise from 
ihe neighbourhood of the metal ; this gas may be collected in 
a small inverted vessel filled with water, and will be found 
to bum with the characteristic flame of hydrogen. If a 
fragment of sodium be thrown on lo the surface of /lal 
water, it is at once surrounded by flame, just as Ihe potas- 
sium was, but the flame in this case is yellow, instead of 
being violet-coloured. 

Potassium and sodium are metals but little known outside 
tiie chemical laboratory. The decomposition of water may. 
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however, be effected by the aid of some of the c 
metals of every-day life. Iron, for instance, answers the i 
purpose well enough provided the metal is assisted by heat 
to overcome the union of the constituents of water. Fig, 
28 represents a common method of effecting the decom- 
position of water by means of iron, a is an iron tube, 
such as 3 gun-barrel, strongly heated in a furnace b ; water 
is boiled in the vessel c, and its vapour conducted 
through the iron tube ; in traversing the heated iron the 




steam is broken up, its oxygen combining with the iron to 
form an oxide, whilst its hydrogen is set free and may either 
be burnt directly, or collected in d. This experiment shows 
that steam, or water-gas, has the same chemical composi- 
tion as liquid water. A gaseous compound of oxygen and 
liydrogen goes in at a, and free hydrogen comes out at d ; 
the oxygen having been fixed by the iron which forms an 
oxide, not indeed the same as that which exists in iron-rust, 
but an oxide identical with that which forms the natural 
loadstone, whence it is called magnetic oxide of irvn. 

In these experiments the hydrogen only has been set free ; 




and, in order to complete the demonstration of the chemical 
decomposition of water, it is necessary to explain how the 
oxygen may be liberated. To obtain the oxygen in a free 
form, it is clearly necessary to present to the water some 
substance which has a strong attraction for hydrogen. Such 
a. substance is found in the gaseous element known to 
cheimsts as chlorine. This body exists largely in common 
salt, and in the well known substances " spirit of salt " and 
" chloride of lime." When set free it is an extremely 
poisonous gas, differing from all the gases to wliich we 
have hitherto referred, in that it possesses a very marked 
greenish-yellow colour, whence its name {x^'"f>'>£. Moras, 
green). 

One of the most characteristic properties of chlorine is 
its powerfii! attraction for hydrogen. Mix the two gases 
together, and they combine with explosive violence, if 
exposed to sunshine ; and, even in diffused daylight, they 
slowly and quietly unite. This attraction for hydrogen 
stands us in good stead when we wish to get oxygen from 
water. A mixture of chlorine and steam is passed through 
a strongly-heated tube, and the chlorine eagerly seizes on 
the hydrogen to form a compound known as hydrockloric- 
add gas, while the oxygen is set free. A similar action is 
indeed constantly being effected, in a less striking manner, 
in many of the industrial arts. Chlorine is largely used as 
a bleaching agent, but, in a dry state, it is powerless to 
bleach ; it is only when it is associated with moisture that 
it becomes active. When moist, however, it slowly 
decomposes the water, combining with its hydrogen and 
disengaging its oxygen ; and it is this oxygen, at the 
moment of its liberation, which is the really active agent in 
bleaching. 

The proof of the composition of water, derived from the 



action of chemical agencies, on one or other of its com- 
ponents, is now complete. On the one hand, it has been 
seen that certain metals remove the oxygen and set free 
the hydrogen ; on the other hand, chlorine removes the 
hydrogen and sets free the oxygen. Had these experi- 
ments been conducted with great care, the balance being 
used at each step, it would have been possible to determine 
the precise proportions in which oxygen and hydrogen exist 
in water. In fact, the experiment with iron furnished the 
French chemist, Lavoisier, with the means of proving the 
composition of water analytitaily for the first lime. Suppose, 
a given weight of water in the form of steam be passed' 
through the hot-iron tube, and that the oxide of iron which 
is produced be weighed to ascertain how much oxygen 
has been obtained; it is thus easy to tell how much oxygen" 
exists in a given weight of water, and the rest will of 
course be hydrogen. In this way it has been found that 
loo parts by weight of water contain 88*89 of oxygen and 
ii'ii of hydrogen ; in other words f by weight of water 
consists of oxygen, and ^ of hydrogen, so that every 9 
pounds of water contain 8 pounds of oxygen and i of 
hydrogen. This, therefore, is the composition of water 
by weight, and it agrees perfectly with what was deduced 
from our first electrical experiment with reference to the 
composition of water by volume. It was then found, in 
dealing with bulks, that twice as much hydrogen as oxygen 
was obtained from water. Now oxygen is sixteen times 
heavier than hydrogen, taking bulk for bulk ; if therefore 
we obtained from a given quantity of water a volume of 
oxygen that weighed 16 grains, then we should find an equal 
volume of hydrogen weighed i grain ; but, as a matter of 
fact, we obtained in our experiment twice the bulk of hydro- 
gen, so that this quantity, instead of weighing i grain, must 
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weigh 3 grains. The proportion by weight is therefore i6 
grains of oxygen to 2 of hydrogen; or 8 to i, as was 
expressed above. Chemists ate thus led to the conclusion 
that water consists of a combination of hydrogen and oxygen 
in the definite proportions of z volumes of Jiydrogen to 
1 Tolume of oxygen, or of z parts by weight of hydrogen 
to 16 parts by weight of oxygen. 

When a compound is resolved into its components the 
process is called analysis.' All the processes hitherto de- 
scribed have been analytical processes, but to complete 
the discussion of the subject it is necessary to show how 
the composition of water may be demonstrated by synthesis,' 
that is to say, by putting the constituents together and 
building up the compound, Tlie discovery of the composi- 
tion of water was indeed made originally by synthetical, 
and not by analytical, processes. 

Let pure hydrogen be perfecdy dried, and then burnt : 
hold over the jet of burning gas a cold dry glass jar, Fig. 
29, and the surface becomes rapidly bedewed, the moisture 
condensing in drops which trickle down the side, and may 
be collected. These drops, ate nothing but pure water, 
which has been produced by the union of the burning 
hydrogen with the oxygen of the surrounding air. Most of 
our ordinary combustibles — such as coal, wood, oil, wax, 
tallow, and gas^ — are rich in hydrogen, and they conse- 
quently produce water during their combustion. Hold a 
cold bright mirror near to a flame, and the moisture is 
instantly condensed upon its surface. 

Instead of the hydrogen being burnt in air, and thus 
caused to combine with atmospheric oxygen, let the hydro- 
gen be mixed with pure oxygen in the proper proportions 

' Analyii:, from iva, ana, again ; xiats, lusis, a separation. 
* Svl^fiis, from aliv, lun, together ; eian, tfusii, putting. 
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to form water. Such a mixture of gases may remain for 
any length of time, without combination being effected; they 
will form merely an intimate mechanical mixture of the gases, 
but no water will be produced as long as there is no chemical 
union. The moment, however, that a flame is applied to 
the gases, a violei^t explosion occurs ; chemical combination 
is immediately brought about, the gases cease to exist as 
oxygen and hydrogen, contraction ensues, and water is 
produced. If the temperature were maintained suflicientiy 
high, thb water would retain the condition of steam, and it 
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would then be found that every three volumes of mixed 
oxygen and hydrogen produced only two volumes of steam 
or water-gas ; in other words, contraction occurs to the ex- 
tent of one-third of the original bulk. A pint of steam consists 
therefore of a pint of hydrogen and half a pint of oxygen in 
a staie of chemical combination, whereby the pint and a half 
of mixed gases becomes condensed to a pint of water-gas. 
But, at ordinary temperatures, the steam rapidly condenses' 
to a liquid ; a cubic foot of steam condensing to about a 
cubic inch of water. If oxygen and hydrogen be exploded 
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in a dry vessel, its interior becomes bedewed with thi 
densed moisture. 

It may seem unsatisfactory to bolt at a few drops oJ 
limpid liquid obtained by the union of oxygen and hydro- 
gen at the lecture-table, and believe that they are really 
pure water. Experiments on a large scale have, however, 
been made, and sufficient water collected to place the 
matlcr beyond possibility of doubt. The grandest experiment 
of this nature was made by three eminent French chemists, 
Fourcroy, Vauquelin, and Seguin, The experiment com- 
menced on the 13th of May, 1790, and was completed on 
the 22nd of the same month. During this time the ap- 
paratus was constantly watched, tlie experimenters sleeping 
alternately, for a few hours, on mattresses in the laboratory. 
The combustion was maintained almost uninterruptedly 
for 185 hours ; 25,964 cubic inches of hydrogen and 12,571 
of oxygen were consumed, and the union of these gases 
produced 7,244 grains of hquid. With this quantity at 
their disposal, Oiey tested the liquid in every way that 
could be suggested, and found it to be identical with dis- 
tilled water. 

There is yet another means of di 
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determining this 
pure dry hydroge 
of copper (a co 
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the chemical 
.ler, which needs lo be briefly explained, 
the most accurate of all methods for 
nportant question. Transmit a stream of 
gas over a weighed quantity of pure oxide 
pound of oxygen and the metal copper) 
Under these circumstances the 
from the oxide, and forms waMr, 



be collected and weighed, whilst the loss of 
weight which the oxide suffers must represent the quantity 
of oxygen which this amount of water contains. It is 
needless to enter into the details required to secure accuracy 
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in so delicate an experiment ; but, in tlie liands of moderr. 
chemists, it has yielded the most trustworthy results which 
we possess on this subject. These results agree substan- 
tially with those which have been stated before. Indeed 
there is no fact in the whole range of chemical scieDce 
better estabhshed than this, — that water is a definite 
chemical compound of oxygen and hydrogen, in the pro- 
i'ortions by weight and measure previously given in this 
Chapter. 



And thus we arrive at the last word of science, in ils 
present state, respecting the origin of the river Thames. So 
far as its flood is pure water, we can trace that water to the 
ocean. And the pure water which fomis the chief com- 
ponent of the sea has certainly been formed, some time or 
other, by the union of two bodies, o\ygen and hydrogen, 
which, in their free state, are known only in the physical 
condition of gases. 



CHAPTER Vlir. 



E CHEMICAL COMPOSITION OF NATURAL WATERS. 

I study of the chemical constitution of water, in the 
tet Chapter, led to the conclusion that this liquid consists 
of two gases, oxygen and hydrogen, united in definile 
proporrions. Such indeed is the composition of absolutely 
pure water, but such is not the composition of any water 
known upon the surface of the earth. As a matter of fact, 
absolutely pure water is never found in the economy of 
nature. The great stream of water called the Thames is 
far from being absolutely pure in any part of its course. 
In the neighbourhood of the metropolis, it is, as every one 
knows, contaminated with impurities to such an extent as to 
acquire its proverbial turbidity. The muddiness, however, 
is due to the presence of solid particles which are mechani- 
cally suspended in the water — particles which would in 
great measure subside if the water were left free from dis- 
Kirbing causes, and which could be more or less completely 
removed by the simple process of filtration. Apart, however, 
from these mechanically suspended impurities, the Thames 
water, like the water of every other river, contains certain 
chemical compounds in a state of solution. Such impurities. 
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though present in very large ]>roporlions, may entirely I 
elude observation by the eye, tlie water remaining dear a 
colourless. These soluble constituents, unlike the suspended 
impurities, will not be deposited when the solution js allowed 
to stand, nor will they be removed by the mere act of 
filtration. All natural water — whether brook or river, lake 
or sea— contains such dissolved matter, chiefly in the form 
of the various compounds called sai/s; but it varies con- 
siderably, in character and in quality, in different varieties 
of natural waters. 

It is not necessary to go far to seek the source of these 
dissolved impurities. All the rocks of the earth, over 
which the waters flow, or through which they drain, contain 
mineral constituents more or less soluble in water. Water 
is, in fact, an almost universal solvent, whether of solids, 
liquids, or gases. River water must therefore be regarded, 
not as abaolitely pure water, but rather as an extremely 
weak solution of certain chemical compounds. What these 
compounds are will now be explained. 

When natural water is evaporated, all its impu.itiea, 
except those which are volatile, are left behind, and the 
vapour which rises is very nearly pure water. When t 
vapour of water is condensed it reproduces pure water. I 
such water rapidly absorbs boih oxygen, nitrogen, carboi 
acivi, and ammonia ; and, hence, the rain when it reaches 
the earth is no longer pure water ; it has absorbed 
the atmospheric gases. Rain-water, therefore, ahhoiigh the 
purest of all forms of natural water, contains ceria 
purities which it has washed out of the atmosphere, 
oxygen of the air is more soluble than the nitrogen ; die 
carbonic-acid gas is much more soluble than eliher oxygen 
or nitrogen ; and the ammonia is far more soluble than 
any of the other gases. Thus, under normal co 
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temperature and pressuye, too volumes of water dissolve 
r48 volumes of nitrogen, 2'99 volumes of oxygen, loo'a of 
carbonic acid, and 78270 of ammonia. All the constituents 
of the atmosphere will therefore be found in a state ot 
solution in rain-water ; while other bodies, such as nitric 
acid, also derived from the atmosphere, are not unfrequenlly 
present In fact, whatever soluble constituents exist in the 
air will be absorbed by the rain. Hence, in the neighbour- 
hood of towns, where the atmosphere is impure, the rain- 
water will wash out more or less of its impurities, and, 
consequently, the rain collected in populous districts is less 
pure than that collected in an open country. Moreover, the 
rain which falls at the beginning of a shower is more 
contaminated than the later rain ; and rain, which falls 
after a long drought, is more impure than that which falls 
towards the close of a rainy season. But, even after a long 
continuance of wet weather, the rain wilt still contain 
atmospheric gases to the extent of about 3^ cubic inches 
to 100 cubic inches of water. 

When the rain reaches the surface of tne eanh, it im- 
mediatelj' commences to attack the rocks on which it happens 
to fait Whether it dissolves much or little will depend 
upon whether the earth contains more or less soluble 
matter. But, whatever the character of the ground, some- 
thing will certainly be always dissolved. Every runnel, 
every brook, every rivulet, thus washes out some of the 
soluble constituents of the rock over which it flows, and 
canies them onwards to the river. The river consequently 
becomes the common receptacle for all the soluble matter 
delivered by its tributary streams. As it flows along, it 
grows richer in these soluble constituents, deriving theni 
partly from the wear of its own bed and partly from that of 
its banks. It is not, however, by merely running over the 
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surface of the ground that the river and its affluents de- 
supply of soluble impurities, much more being | 
probably due to the springs by which the streams are 
chiefly fed. Spring-water is, in fact, much richer than river- 
these soluble constituents. Nor is it difficult to 

To form a spring, the rain-water must sink to a greater or 
less depth in the ground. During its undei^round passage 
it exerts its solvent action upon the surrounding rocks. In 
i, die water sinks to great depths, traversing long 
and tortuous passages ; and, in sucli cases, it is only to be 
expected that, when it reappears at the surface, it will be 
highly charged with soluble constituents. Under pressure, 
at great depths, it may absorb large volumes of such gases 
as carbonic acid and sulphuretted hydrogen j or it may dis- 
solve saline matters of various kinds, and thus acq^uire 
peculiar properties which confer upon it medicinal value. 

Analysis of the water of Che Tliames Head Well, near 
Cirencester, shows that it contains 27'44 parts of solid im- 
purity dissolved in 100,000 parts of the water; in other 
words, 0-02744 P^r cent. The most notable of the mineral 
constituents which affect the quality of the springs in the 
Thames basin is carbonate of lime. 

A large part of the course of the river lies, indeed, 
through limestone rocks. In the upper part of the basin, 
it is the limestones of the Oohtic formations that furnish 
most of the springs j whilst, in the lower part, it is chiefly 
the chalk. All limestones, from the softest chalk to the 
hardest marble, consist essentially of carbonate of lime j 
and as this compound is slightly soluble in water, the springs 
and streams of limestone districts always hold it in solution. 
It is true that the proportion of carbonate of lime dissolved 
by pure water is extremely small ; not more, it is said, than 
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two grains in a gallon of water. But, when water is charged 
with carbonic acid gas, tlie carbonate of lime is dissolved 
with facility ; and, sioce most spring-water contains this gas, 
it is easy to understand how it can act with great effect upon 
limestone rocks. It has been seen that carbonic acid gas 
is dissolved out of the atmosphere by rain-water ; and, in 
like manner, every piece of water exposed to the air must 
absorb it. Hence, all natural waters can dissolve carbonate 
of lime, with more or less ease, and thus erode the lime- 
stone rocks through which they drain. 

\Vlien such calcareous waters are used for domestic pur- 
poses, tliey are found to curdle soap, and are consequently 
termed Aar/f v/s.ttts. A portion of the soap is wasted, inas- 
much as its fatty acids form insoluble salts with the lime. 
Aslongthereforeas this curdling continues, the soap is being 
wasted, and a lather cannot be produced. It is clearly con- 
venient to have some means of comparing the relative hard- 
ness of different waters. To this end, Dr. T. Clarke, many 
years ago, proposed a scale in which each degree corresponds 
to one grain of carbonate of lime in a gallon of water. 
According to this scale, the water of the Thames Head 
Well has a hardness of 23 degrees ; that is to say, it 
contains salts of time equivalent to 23 grains of' carbonate 
to the gallon,' But it is possible to improve the condition 
of such hard water by an easy process of softening, intro- 
duced likewise by Dr. Clarke. This consists in simply 
adding lime-water to the water the hardness of which is to 
be corrected ; the lime combines with the excess of carbonic 



^ The imperial gallon coQUxins 70.0^^ grains. In many oflicial reports 
the propordoa of carbonate of lime is given, not as grains per gallon, 
but as so many grains in 100,000 grains of water. The convei^ion 
o( one form of result Into tlie other is of conrae a mere question of 
Topoition. 



acid to form the almost insoluble carbonate of lime ; which 
IS then precipitated, in company with the original carbonate 
of lime, thus rendered insoluble by removal of the carbonic 
acid that held it in solmion. In this way, the hardness of 
the water of Thames Head Well may be reduced from 23° 
to 5°. Such a process of softening is carried on upon a 
large scale at several water-works, as at Caterham and at 
Canterbury. 

The hardness which is thus capable of c 
termed temporary hardness, to distin(,'uish it from that which 
cannot be removed by treatment with lime, and which i 
consequently termed pi7-maumt hardness. Such permanent 
hardness is due to ihe presence of sulphate of lime. It may 
therefore be said that the water of Tliames Head has a harH- 
ness of 23°, of which iS" represent temporary hardness and ' 
g" permanent hardness. The upland waters of the West of ' 
England usually contain much more sulphate than carbonate 
of lime. Sulphate of lime occurs crystallized in nature , 
and is known to the mineralogist under the rather fancifirfl 
name of Selenite^ whence waters containing much sulphatM 
of lime are termed selenitic waters. If a water be describMB 
simply as calcareous, it is generally assumed that the partt- 1 
cular salt of lime which it holds in solution is the carbonate. ' 

Waters flowing through limestone districts are generally 
charged with this salt ; in many cases to so great an extent 
that, if the water be exposed to the air, the carbonate of 
Ume is spontaneously thrown down in a solid form. Such 
springs are vulgarly z^A^A. petrifying spring!. To "petrify," 
however, means literally to turn into stone ; it should there- 
fore be distinctly understood that all such springs are able 
to do is to simply cover the objects which receive the water 
with a crust of carbonate of lime, and not actually to con- 

' Seltnitt, from irt^^tTj, seltnt, the m 
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vert them into mineral matter. Thus, at Matlock, In Derby- 
shire, the water flowing through the Carboniferous Limestone 
is caused lo deposit its carbonate of lime upon various 
objects exposal to its action, and in this way the so-calleii 
petrified bird's nests and other ciirio.silie'; are produced. 
Thick deposits of carbon.ile of hnie are fiequenlly formed 




by calcareous springs where they issue into the air. Fig. jo 
represents a natural bridge of carbonate of lime formed 
by calcareous water at Clermont in the Auvergne, described 
y years ago by the late Mr. Poulett Scrope.' Here, the 

e Geology and £jlinit VeltanQis of Central Franti. By G. 
t Scrope, M.l'., K.K.S. Second Edition, p. 2a. 1858. (by 
ii of Mr. Murray.) 
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aqueduct, 240 feet in length, 
rch spanning the stream into 
flowed. All this solid mass 
1 an invisible state of solution 
Such deposits of carbonate 
of lime are commonly termed travertine, a word supposed 
to have been derived from the old name. Lapis Tihurtinus, 
which was formerly applied to the stone, in consequence of 
its deposition on a large scale from the calcareous waters of 
the River Anio at Tivoli, the ancient Tibur, near Rome. 
At the Falls of the Anio, the travertine has formed bed after 
bed, to the thickness of four or five hundred feet. 

In consefiuence of the comparative ease with which 
limestone yields to the solvent action of water holding 
carbonic acid gas in solution, this rock is frequently worn 
by water into holes and caverns. When calcareous water 
finds its way into tlie roof of a cavern it slowly deposits its 
burden of carbonate of lime, or at least a portion of it, in 
a solid form ; and, by long continuance of this action, ulti- 
mately produces a conical or cylindrical body hanging like, 
an icicle from the rocky roof. Pendent rods of this kind 
are termed stalactites} From the point of the stalactite, 
r slowly drops down upon the floor, and, as this water 
likewise contains carbonate of lime, another calcareous 
deposit is formed as a little conical mass seated on the 
floor ; this mass is termed for distinction sake, a stala^if^* 
As the stalagmite grows in height, it approaches the stalactite 
above, which continues to grow downwards ; and, ultimately, 
the two may meet and thus form a solid pillar stretching 
from floor to roof. Fig. 31 will give some idea of the com- 
mon shapes assumed by stalactites and stalagmites. It 
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represents a cavity, described by Professor Bo)d Dawkins 
as the Fairy Cliamber, in a limestone cavern on the isle 
Caldy opposite to Tenby in Pembrokeshire." In the forma- 
tion and decoration of such caves, water is the main agent 
from beginning to end. Finding its way through the cracks 
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iDtl crannies of the solid rock, it first eats away the lime- 
stone so as to form the cavity, and then bedecks the roof, 
the floor, and the walls, with calcareous deposits of most 
fantastic shapes. Even without going into a limestone 
' Cavt Hauling. Bj W. Boyd Tiawkina, M.A., F.R.S. F. 64. 
1S74. 
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caverns, examples of these stalacrites mayrearfily be seen. 
In fact, it is by no means uncommon to see smail stal; 
lianging down, like icicles, from the toof of the arches of 
a railway bridge, where they are produced by the rain-water 
dissolving the calcareous matter contained in the roadway, 
or in the materials of which the arch is composed. 

Calcareous salts, although the most common, are by no 
mean.'! the only mineral compounds which occur in natural 
waters. Some springs, such as those at Epsom, are rich in 
sulphate of naagnesia; whence this salt is popularly called 
Epsom salts, while the springs themselves arc said to be 
saline. Others may contain salts of iron, and form chal)beate 
springs, as mentioned at p. z6. It is notable that many 
mineral springs have a temperature higher than that of the 
locality in which they issue : thus the warm springs of Bath 
have a temperature of nearly i20° F, In volcanic districts, 
such thermal sources are extremely common, and as water 
when hot dissolves most substances more freely than when 
cold, these springs are often rich in mineral matter. The 
famous .jeyjwj of Iceland and of Colorado are intermittent 
boiling springs, containing in solution a good deal of silicia, 
or the matter of which flint and rock crystal are composed. 
(See Chapter XIII.) 

Springs, such as have been referred to above, are of course 
exceptional ; but, it should be remembered, that all spring 
water contains more or less mineral water in soJuiion. 
On comparing the compo.'iition of river water with that of 
spring water, it will generally be found that the river con- 
tains less saline matter. In fact, the water dischai^ed into 
the river by springs becomes diluted by direct influx ol 
rain, and this dilution more than compensates for loss by 
evaporation ! so that, on the whole, the proportion of salts 
lishes. Moreover, the organisms inhabiting the 
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derive their needful supply of 
indirectly, from tlie siirroimdii 
fresh-water shell-fisli and crustaceans appropriate a large 
quantity of carbonate of lime, to form their slielN, froKi 
the rivcr in which they live. Much of this, however, must 
be returned to the river by the deeay of ihe shells after the 
death of the animals. In these and other ways, it is easy 
to account fur the proportion of saline consiituents being 
less in river than in spring-water. If the river drain a 
country composed of bard and almost insoluble rocks, the 
water will contain but litile mineral impurity. Thus tbe 
water of the Dee, of Abcrbeen, which draws its supply from 
a granite district, contains only about three grains of saline 
mailer in ibe gallon. It is a very different case, however, 
Mtith a river like the Thames, which colleeis iis water fiorn 
the drainage of comparatively soft and soluble rocks. The 
composition of the Thames water may be seen by the follow- 
ing analysis :^^ 

COHPOSCTION OF TTiAlIF.S WATrCR AT l.OMiOV liRIDtlE IN GKAINS 

CnrlJonateof l.iine .... Si[65 

Chioiideof Caldiim' .... 6'974l 

Chloride of Maynesiiim . . . . -ojtjS 

Chloriile of SoiliLim .... ^'37ii 

Sulphate of Smln j'tOjz 

Sulphate of I'ola,-,li .... vli-JS 

Iiisuliilile Oi-'anic MMcv . . , 4-6592 



' "Anilysis of Tlinmes Ww 
y-VK-mii of Ihe Chemual Sari/ly, 

• IV.lia .iy Ihe e-.ilciuni enisli 
chlorine as cliioride u[ Kwlium. 
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Aliliough the proportion of mineral matter held 
solution in Thames water appears, from such an analysis 
as that jtist cited, to be extremely small, it must yet be 
remembered that, taking into consideration the great 
volume of the Thames, the total quantity of matter 
removed in this way from the land and carried seaward 
is something enormous. Professor I'restwicli, taking the 
daily discharge of the Thames at Kingston at 1,250 
million gallons, and the sahs in solution at 19 grains per 
gallon, calculates that the quantity of rfiineral matter carried 
down in solution, at that locaUty, amounts to 3,364,286 
pounds, or 1,502 tons, every twenty-four hours; or say, 
roughly, a ton a minute. Of tliis amount about 1,000 tons 
will consist of carbonate of lime, and 238 tons of sulphate 
of lime. The total quantity of saline matter carried in- 
visibly away by the Thames from its basin above Kingston 
will thus reach, in the course of a year, to the enormous 
amount of 548,230 tons. 

Although it has been shown that river-water contains' 
a smaller proportion of saline matter than is present in 
spring-water, it would yet be a. great mistake to assume 
on this ground that the river-water is more pure and whole- 
some. On the contrary, the rivet-water, though poor in 
mineral matter, is usually rich in organic impurities, and 
much less fitted for drinking purposes. Most of the 
water from dee^ wells and springs in the Thames basin 
coQiains the merest trace of organic matter ; but the 
river itself derives a large proportion of or^nic impurity 
from the decomposing vegetable matter, spread over the 
large surface of country which it drains. A more serious 
source of contamination, however, is to be found in 
the sewage which is allowed to run into it from the 
centres of population seated on or near its banks, and 



which may be charged with matters capable of propagating 
disease. In a shallow stream, which flows rapidly over an 
irregular bed, and is thus thoroughly ai^ratcd, the organic 
impurities derived from decaying animal and vegetable 
substances may be gradually destroyed by oxidation. The 
mineral substances in solution, on the other hand, remain 
unaffected, save in so far as they may be consumed in 
iupplying such matters to the organisms which inhabit 
the river. The mineral salts are therefore, for the most 
part, borne onwards by the river and finally discharged 
iDto the sea. The sea consequently becomes the ulti- 
mate receptacle for all the saline matter washed out of 
the land and brought down by rivers. And yet the 
water of the sea differs considerably in , chemical com- 
position from that of rivers or of springs. Whilst a 
gallon of Thames water contains in solution about 21 
grains of saline matter, a gallon of sea-water will contain 
something liVe 2,400 grains. In fact, the proportion 
of solid matter in sea-water reaches as high as 3^ to 4. 
per cenL It is well known that most of this saline matter 
consists of common salt, such as we use at table, — 
» salt known to chemists as chloride of sodium, since it 
consists of two elements, namely, the gas chlorine and the 
metal sodium. Out of tlie 2,400 grains of mineral matter 
in a gallon of sea-water, nearly 2,000 grains will consist ot 
fliis trammon salt. 

As an example of the composition of sea-water, the 
following analysis' of water from the British Channel may 
be quoted. The density of this water was found to be 



TbameE water on p. IZJ. 
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Chlonile of Saliura . 
Chloriiic of rolassium 
Chloride of Mngiietiur 
Bromide t.f Magnesmr: 
Sulphate or Magnesia 
Sulphate of Lime 

Iodine and Arooionia 



1964-165 
53-535 



Every ti<ie brings this s 
fresh A-ater of a. tidal rive 
kinds tliiis become uiixed, 
from London Bridge, it is 



I waler into contact with the 
like the Thames, und the two 
On going down the Thames 
found tlial the water gradually 



! freshness. A little below Gravesend, it begins t(^ 
acquire a saliish flavour, and this saltness increases until thtl 
water becomes decidedly brackish and undrinkable. Goinj^ 
stitl farther out into the estuary, die saltuess becomes more' 
lironounced ; and, by the time Whitstable is reached, the 
water is hardly to be distinguished from that of the sea 
Itself. ] 

The fresh water brought down by a river does not hav^ 
ever immediately mix with the salt water, but rather tend* 
to float upon its surface. For, sinoe the sea water is rich itf 
solid matter, iis density is proportionally high ; that is to say,, 
sta-waler must weigh considerably more than fresh watt^ 
when equal bulks nre compared. A gallon of water from' 
ihe Nore weighs rather more than a gallon of water from 
the Thames at Teddington. If a given measure of pure 
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weighs i,ooo lbs. the same measure of water from 
Mi^aie will weigh 1,027 lbs. As a consequence of this 
!i density, it is easier to swim on salt than on fresh 
a. Hence, too, the fresh water carried down by a river 
■leads to tloat for a time upon the surface of the dense sea- 
Mwaler; and, off the mouths of some great rivers, the water 
|[K found to be nearly fresh for some distance out to sea. 

From the vast surface exposed by the sea, water is con- 

Itmually being evajwrated by the aid of solar heiit But it is 

■pactieally pure water which is thus drawn up into the. 

taosphere, the saline constituents of the sea water being 

left behind. Pure water condenses from this vapour, and 

falling upon the land as rain, charged to a certain extent with 

the constituents of the atmosphere, il washes out more or less 

P of die soluble constituents of the rocks, which are ultimately 

irried down to the sea, where they accumulate. There is 

lEonsEquently, a never-ceasing transference of solid matter 

m the land to the ocean — a transference, however, which 

lirely escapes cognizance by the sight, since the matter 

k carried down in a state of invisible solution. But, as 

SVls remarked at the commencement of this chapter, in 

addition to the dissohed mineral matter which thus eludes 

observation, the Thames, like other rivers, bears a vast 

(|Uintity of other solid matter in a state of mechanical 

suspension, and therefore readily recognized by the ey:. 

This mechanical transport ot solid matter from earth to sea 

will form the subject of the next Chapter. 



CHAPTER IX. 



THE WORK OF RAIN ; 



Take i 



le Thames at ^ 



, gallon or two of water out of the 
I«ndon Bridge, and allow it to stand quietly in a. clean 
vessel. If you look at it, after it has stood for several 
hours, you will find that the water is much clearer, and 
that a quantity of muddy matter is spread over the 
bottom of the vessel, ihe quantity being greater or less 
according to the condition of the river at the time you 
happen to examine it. This mud was previously held in 
suspension by the water, and was the main cause of its 
turbidity, so that, as soon as the muddy particles settled, 
the water became clearer. While the water was in the 
river, the fine solid particles were kept in constant agita- 
tion by the current of the stream, and were thus prevented 
from settling dov;n. The more rapid fhe stream, the greater 
is its power of carrying this suspended matter ; but, as the 
river approaches its mouth, the flow becomes slackened and 
the sediment subsides. Hence, in the lower part of the 
course of the Thames, especially in the " reaches," or bends 
in the river, near Woolwich, there are large mud banks ; 
and this mud is systematically dredged up and removed, in 
order to prevent obstruction. Those particles of mud which 



are very light may be kept suspended in the water imti! they 
are carried by the river right out to sea ; but a time at length 
comes, when even these will quietly settle down upon the 
sei-bottom. If a little of the muddy sediment, deposited by 
the water, be dried by exposure to the air, it will be found 
to harden inio a substance not unlike clay. Clay is, iti 
fact, nothing but such mud, hardened and perhaps otherwise 
allered. 

Very little thought is necessary to convince any one that 
the fine particles of solid matter, which form mud, are pro- 
duced by the mechanical waste of the land. After a heavy 
, shower of rain has fallen in the street, you observe dirty 
MDis coursing along the glitters, and every one knows that 
muddy matter in these streams is merely the dirt washed 
m the roofs of the houses and the stones of the street, 
like manner, every shower of rain that falls in the open 
Qimtry washes something off the surface of the land. This 
removal of matter is termed denudation, since the rocks are 
laid bare by having their superficial covering thus peeled oft". 
The particular kind of denudation effected by means of rain 
is called pluvial'^ denudation. A heavy shower, falling upon 
a field, washes awa:y some of the soil, and carries it off in 
muddy runnels to the nearest stream, whence it passes to 
ihe river. Where the rain comes down in a dehige, as often 
happens in the tropics, its power as a denuding agent is 
almost incredible ; and even in this country, especially 
among the hills of Wales and Cumberland, we occasionally 
hear of torrents of rain tearing up rocks and sweeping 
everjthing before them. 

The detrita! matter which is worn away from the land, 
and carried along by rivers, contains materials of every 
degree of coarseness. It often happens that fragments of 
■ Fluvial, from the Lat. flitvia, min. 
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rock, perhaps of considerable size, are loosened from cliffs 
near a river by the action of rain and frost, and tumble 
down into the stream. There they get slowly worn down, 
by constantly knocking against each other, and may ulti- 
mately be rubbed into the form of smooth round pebbles 
In the basin of the Tliames, it is common for the hard 
flints from the chalk to get broken and rolled about 
in the water, and it is in this way that gravel is formed. 
The substance which is strewn over our roads 
garden-walks consists, chiefly, of litde bits of flint, which 
have been so rolled about in water that the sharp points 
of the broken stones are rounded off. All gravel has 
not hojvever been subject to the same amount of rough 
usage, so that whilst the pebbles are in some cases 
well rounded, in other cases they retain more or less 
of their angularity, though the corners are never quite 
sharp. The small pieces worn off the fragments of rock, 
as they rattle together on the bed of the stream, get 
rolled about until they form small rounded grains known 
as iofid. As a rule, both the gravel and the sand 
consist, chiefly, of the substance called silica, or the 
material of which flint is formed, and which is chemically 
the same as the matter of pure rock-crystal (p. 58). 
The gravel and the coarser sediment are pushed along 
the bottom of the river by the motion of the stream, 
whilst the finer sand may be carried in suspension, 
though it will not travel so far as the lighter particles 
of mud. The heavier pieces naturally fall to the bottotn 
first, so that if a quantity of mixed gravei, sand and 
mud be shaken up in water, it will be found that the 
gravel is' the first to fall; then the sand subsides, and 
finally the mud settles down. 

If a river has a sleep bed it generally possesses great 



carrying power. Mountain torrents, for example, rush 
down steep slopes and not only transport vast quantities 
of gravel, sand and mud, but often move stones of 
considerable weight. During floods, too, ordinary rivers 
acquire great mechanical power. Thus we read of floods 
sweeping away bridges, tearing up rocks from the banks 
of the river, and carrying along stones weighing several 
tons. Sir T. D. Lauder, in describing the great floods 
which occurred iij Morayshire in August 1829, records 
the destruction of many farms and hamlets ; while no 
fewer than 38 bridges were swept away by the flooded 
rivers. A huge mass of sandstone, measuring 14 feet 
in length, 3 feet in width, and i foot in thickness, was 
ca.rried for a distance of 200 yards by the swollen stream 
of the river Nairn. 

In estimating the carrying-power of running water, it must 
be borne in mird that the weight of a stone is considerably 
less in water than in the atmosphere. When a body is im- 
mersed in water, it app^'ars to lose a certain proportion of 
its weight, the proportion depending upon its specific 
gravity. If a stone be twice as heavy as an equal bulk 
of water, it will lose one-half its weight ; if three times as 
heavy, it is lightened by one-third ; and so on. It is 
generally said that if a stream flow at the rate of six inches 
per second it has power enough to carry off fine sand ; if 
at 12 inches per second it can sweep away fine gravel ; and 
if at 36 inches per second it can transport pebbles as large 
as hen's eggs. It should not be forgotten, however, that the 
shape of the fragments greatly atTects the ease with which 
they may be moved in water. 

Hitherto, the work of the river has been regarded as 
chiefly that of transporting solid matter which has been 
carried into it by rain and other denuding agents. But the 
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rivei is, ilself, a powerful agent of direct denudation — 
fluviaiile denudation as it is sometimes termed. It is true 
that running water, alone, can do but little towards abrading 
a hard rock : but the pebbles, sand and other detritai matter 
carried along by the stream, rub against every hard point 
with which they come in contact, and thus enable the river 
to wear away the hardest rocks in its course, as surely as 
though they were being ground and scoured with sand- 
paper. The grinding action of pebbles, when set in motion 
by water, is strikingly shown in the formation of potholes. 
These are roundish cavities, perhaps several feet in depth, 
not uncommon in the hard bed of a mountain-stream. A 
few pebbles, lodging in a small cavity, get whirled round and 
round by the eddies of the stream, until, at length, they 
excavate deep holes of considerable size. In such cases, the 
grinding effect of the pebbles is generally assisted by the 
sand and finer particles in the water, which scour the walls 
of the hole as effectually as though they were well rubbed 
with fine sand-paper. 

Aided by its burden of detrital matter, the river frets 
away the rocks along its banks and thus tends to widea its 
channel; while, at the same time, the coarse sediment scratch- 
ing along the bottom, helps to tear it up and tlius deepen 
the bed of the river. Every stream, with sufficient Iklt, is 
in this manner continually at work, gnawing away the rocks 
through which it flows, so that a channel which is, to begin 
with, narrow and shallow may gradually become widened and 
deepened. The amount of excavation which can be wrought 
in a given time, by means of running water, is well seen in 
volcanic regions, where rivers have cut through sheets of 
lava which have been poured forth at known dates. 

But perhaps the grandest results of river-denudation are 
to be witnessed in the vast chasms through wliich some of 
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the rivers in Colorado flow. These narrow gorges, 'oounded 
by steep wall-like cliffs, are known under their Spanish 
name of canons (Fig. 3^).' The Colorado River of the 
West, which runs from the Rocky Mountains to the Guif 
of California, flows, during part of its course, at the bottom 
of a profound chasm ; being hemmed in by vertical walls 
which, in some places, are more than a mile in depth. 
There is no reason to doubt that this gigantic furrow has 
been cut down by the river which runs tlirough it. The 
tributary streams flowing into the river run, in like 
manner, through smaller ravines, known as side-caiions ; 
and, in fact, the general arrangement of the canons at 
once suggests that of the drainage S)stem of a country. 
Nothing can show the amount of vertical erosion, effected 
by running water, belter than tliese gorges. Probably 
they owe the preservation of their pecubar form to the 
fact that the country in which they occur is comparatively 
rainless ; for, if there were mucli rain, the sides could 
nut retain their position as perpendicular walls, and 
denudation would gradually convert the chasm into an 
ordinary riVer valley. 

To understand how running water usually effects denuda- 
tion, it is instructive to watch, at the seashore, the 
behaviour of the water which drains off a flat coast of 
mud, or fine sand, as the tide retreats. Flat and smooth 
as the beach may seem to the eye, the water soon finds 
out some slight inequalities of surface, and runs down 
even the gentlest declivity. Particles of sand carried 
down by the water begin to scour out little grooves 
and then to enlarge them into wider furrows. Several 
streams may be seen uniting into one larger stream, and, 

1 From Powrll's Exjiloralian 0/ IHe Colorado SiMr of the West. 
Wfl^,hingt,-ii, 1875. 



at length, a complex system of brandies is established, 
all tending to a common channel which nms down 
towards low water. Even without going to the sea-side, , 
one may often see similar effects near a way-side puddle 
which receives the muddy drainage of the road, 
imagination is needed to compare the miniature system 
of branching streams, produced in either of these caswii 
under one's eyes, with the drainage system of a river basim,. 
The model is in fact complete in almost every pointi 
There is the main stream, with its side feeders, ninninr 
down to the sea ; and, it may often be seen, that oni^ 
little system of streams is separated from another by aif 
intervening space which represents a water-parting. 

Suppose now that a portion of the sea-bottom were to b! 
upheaved, and appear above the surface of the water as ) 
great mud-flat. From what has just been said, it is easy ts 
judge at once how it would be drained. When rain fd 
upon this new-bom land, it would be sure to find som^ 
slight rise and fall of the surface, and the gentlest fall i^^ 
sufficient to determine that the rain shall run in this diret^ 
tion rather than in that. The very fall of the pattering 
rain-drops would produce little dimples on moist ground; 
and thus give rise to superficial irregularities. As the wate^ 
flowed off in runnels, it would wash away fine particles (^ 
the mud ; and thus every shower would find better channeU 
scooped out to receive the drainage. The streams woull 
certainly not run down to the sea in parallel straight lines, but 
a number of neighbouring streams, all tending to the lowest 
level, would soon be gathered together in a common chMinelf 
something like that shown in Fig. 33. If the action went 
on for a long time, the water-channels would get worn widev 
and deeper, while the sides of the streams would be washed 
1 into sloping banks. So close indeed is tbff., 
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similarity of a system of drainage established in this way 
to what is found in a large river basin, that those who have 
tliought most upon the subject believe that one may be 
taken to explain the other; that, in point of fact, the pre- 
sent rivers have gradually scooped out their own channels, 
and that our river- valleys are, mainly, the result of work per- 
formed by rain, rivers, and similar agents of denudation. 




At first sight, it may seem incredible that a great river- 
system, hke that of the Thames, should have been shaped 
by the action of inatmments which seem so insignifica 
Yet the more one thinks upon it the less are the difficulties 
that beset such an explanation. No one can deny that 
little water-courses may be eaten out of solid rock by a 
Tunning stream, for the very origin of such gulteys may 



often be witnessed. And, from these, it is possible to 
pass, by insensible steps, to brooks and streams of larger 
siie, until, at length, you come to a true river. If it be 
admitted that the little stream has worn out the gutter 
in which it rujis, it is hard to deny that the larger stream 
has not done similar work on a larger scale. The whole 
affair is indeed a mere question of tnne. The smallest 
cause can produce a vast effect if it is only allowed to 
work long enough. 

It needs but little boldness to apply such reasoning 
to the valley of the Thames. On looking at the two 
opposite sides of the valley it may often be seen that 
tlie rocks exactly correspond ; a bed of gravel on one 



bank, perhaps, has its counterpart on the other. Fig. 
34 is a section from Wimbledon Common to Claphara 
Common.' Here it is seen that the surface of Wim- 
bledon Common is covered by a bed of gravel spread 
over the London clay. On desuending from the summit of 
the common to the valley of the river Wandle, the gravel 
is seen to be abruptly cut off and succeeded by the 
underlying clay ; but, on going up tbe opposite slope of the 
valley, the gravel again appears, at about the same level, and 
covei3 the surface of Wandsworth Common ; and similarly 
the gravel will be found on the surface of Clapham Common. 
There can be little doubt, then, that the gravel once spread 
in a continuous sheet over these three commons, as indi- 

> From Prof. Prestwich'a Ginund Benealk Us. 1857. 



cateil by ihe dotted line, and has been cut through by 
running water. 'J'he Wandle is a tributary of the Thajnea, 
and what is true of this small river is also true of the larger. 
In some places tlie Thames has cut thhougli similar high- 
level gravels ' and through the London clay. In othgr 
parts of the river, again, tlie chalk forms the two sides o( 
the valley through which the water flows. In the case ol 
the chalk, it is evident, from what was said iti the last 
cliapter, tliat the mechanical erosion would be greatlj' 
assisted by chemical solution, the carbonate of lime being 
easily soluble; while the flints, so commonly found em-? 
bedded in the chalk, would resist such chemical action! 
and, to a great extent, would also withstand mechanical wear. 
Hence their broken fragments will be found still rolling 
about as flint -gravel ; and every bit of such gravel is, in factj 
a memorial of a quantity of white chalk that has long ago 
been dissolved and washed away by running water. In 
other parts of its course, the Thames flows through rocks ol 
a different character, which will be subsequently described; 
but they are all affected by the mechanical or by the chemical 
action of the river, in the way just explained. J 

Passing from the study of the Thames Valley to ths^ 
of the general surface of the country, abundant evidence 
is to be found that rain and running water have been 
actively at work. Indeed there is good reason to believe 
that these almost silent workers have been the chief 
instruments in producing the present physical featurea 
of the ground. They have eaten out river-courses arul 
worn away valleys, leaving masses of rock which stand oirt 
as hills and crags. But, while giving them credit for effecting 

1 The meaning of -be lerm "high-level Eravela" will be eiplaini 
in Chapter XVII. 



such work as this, it Is necessary to recognize the co- 
operation of other forces, the effects of which will be dis- 
cussed in subsequent chapters. 

If running water is thus wasting away the land, year after 
year and age after age, what ultimately becomes of the great 
quantity of matter wliich must be removed ? To this question 
1 partial answer has already been incidentally given. The 
coarser detrital matter is pushed along the bottom of the 
srream, and thus slowly moved towards its mouth ; whilst 
ihe finer detritus, being held in suspension, is carried more 
rapidly away by the flow of the running water. When the 
lloiv is checked, the sand and mud settle down, the coarser 
[articles being naturally the first to subside. In the minia- 
tare river-system, self-established in the muddy bank left by 
the receding tide, a minute stream may often be seen enter- 
ing a quiet pool of sea-water, and depositing its burden of 
saad, particle by particle, upon the floor of the little pond. 
Exactly the same kind of thing occurs, on a much larger 
scale, at the mouth of every river. In some cases, a river 
'during its course opens out into a lake, and then the 
resemblance to our model on the sea-shore is even more 
striking. On entering the lake, the flow of the stream 
becomes suddenly checked, and a part of the suspended 
sediment falls to the bottom ; so that, by the time the stream 
emei^es, its waters have become purified. The effect of 
a sojourn in the lake is somewhat like that of allowing 
muddy water to stand in a glass ; in either case, much of 
the sediment slowly subsides. 

A striking example of the purifying effect of a lake is 
seen in the Lake of Geneva, through which the Rhone 
flows. The river enters the upper end of the lake as a 
turbid stream, laden with detritus brought down from the 
Alps ; but, at the lower end of the lake, it issues forth well 
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purged of its _ impurities. During its passage 
lake, the mud which it held in suspension is deposited upon 
the bottom; and, accordingly, at the entrance of the river, new I' 
land is being slowly formed by the growth of this sediment. |' 
In fact. Port Vallais, the Portus Va/esia of the Romans, I 
which was originally situated on the margin of the lake, is I 

« nearly two miles inland ; the intervening ground having P 
been fonoed, at the expense of the lake, by accumulated I 
sediment delivered by the river. In this way, a lake may |J 
grow shallower and smaller, until at length it becomes com- 
pletely silted up ; and a marshy tract is formed, through 
which the river flows in a meandering course. Such land 
is generally called alluvium} 

It often happens that, without flowing into a lake, a. river 
may get relieved of much of its burden of sedimentary 
matter. When an unusual supply of water is suddenly 
delivered into a stream, by heavy rainfall or by rapid thaw 
of snow, the swollen stream rises above its banks, and floods 
the adjacent land. In a flood, or freshet, the water is always 
highly charged with detritus ; and, on the overflow of the 
river, some of this is deposited as a fine layer of mud evenly 
spread over the flooded soil. The overflow being repeated 
season after season, the layers of mud accumulate until they 
form a low alluvial tract on each side of the stream. Most 
rivers are bordered by strips of rich meadow-land, which 
have been formed in this way. Such low- lying alluvial 
meadows are common along the banks of the Thames; and 
in the lower part of the basin, where the river is broad, 
especially between London and Tilbury, there are great 
expanses of flat marshy ground : the Isle of Dogs, for 
example, is such an alluvial tract. Periodical deposition of 
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sediment by means of river-floods is, however, best illus- 
trated by reference to the overflowing of the Nile. After 
rhe rainy season and the melting of the Abyssinian snows 
p'n the southern part of the basin of the river, a flood of 
water, charged with detritus, passes down the single channel 
which traverses Egypt, and, orerflowing the banks of the river 
in its lower course, deposits the rich alluvial mud to which 
that country owes its fertility. 

When a river approaches the sea, the inclination of its 
basin usually diminishes, its speed is slackened; and, con- 
sequently, it deposits more or less of the matter which it 
holds in suspension. If the sea, near the mouth of the river, 
is not much disturbed by currents, as in a protected bay, the 
sediment will accumulate, and form a tract of alluvial land 
which is generally fan-shaped. In Lower Egypt, the Nile 
has, in this way, produced an enormous alluvial tract, which 
was called by the Greeks the Delia, in allusion to its shape 
resembling that of their letter i. About 120 miles above 
its mouth, the Nile divides into two main streams, of which 
thewesterc is known as the Rosetta branch, and the eastern 
as the Damieita branch, these names referring to tvio towns 
sitnaled at their respective mouths. The two streams in- 
close, with the Mediterranean sea on the north, a triangular 
tract of alluvial land, intersected by a network of channels. 
The apex of this triangle, forming what is called the head 
of the delta, is situated about 25 rniles below Cairo. Fig- 
35 shows the form of the Nilotic delta. 

From being originally applied to the triangular land 
about the mouths of the Nile, the term "delta" has come 
into general use, and is now extended to all similar alluvial 
deposits. Even the land which has been described as 
formed in the Lake of Geneva by deposits from the Rhone 
may be called a laatstrine delta. If the silt is thrown down 
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under tranquil conditions, on a tolerably level bed, 
fall in nearly horizontal layers, regularly spread on 
another. Could a clean cut be made through the ground 
in such a delta, the cut sides would expose the edges of a 
number of beds or layers, of which the lowest must needs 
be the oldest or earliest formed, and the uppermost the 
youngest or latest formed ; the materials of the delta are, in 
fact, stratified. 



1 




In following a river from its mouth towards its source, it is ■ 
generally found to be continually branching out into smaller 
and smaller streams, not unlike the ramifications of a tree, 
until, at length, it is lost in a multiplicity of httle rills. And, 
in tracing a river downwards into its delta, it is found in like 
manner tliat it divides and subdivides, till at last it is split 
up into a network of channels, and reaches the sea through 
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^fs number of separate openings. The arrangement of 
" branches in the delta is therefore similar to Chat in the 
catchment-basin, but exactly opposite in direction. In the 
calchment-basin all the branches converge to the main 
slream ; in the delta they all divergi from the trunk channel. 
The difference between the catchment-basin and the delta 
is shown in Fig. 36. 

In many deltas, the alluvial land is swampy, or washed by 
the sea at high tide ; and the allnvium may, in some cases, be 
traced beneath the level of the sea, in the form of shoals 
ind sand-banks, which are made up of Ihe lighter particles 




r detritus swept out beyond the true delta. The great 
Indian rivers, the Ganges and Br^hmapiltra, form together 
a vast delta, consisting, for the most part, of marshy land 
supporting a growth of mangroves and nipa palms. The 
delta of the Mississippi (Fig. 37) is an enormous tract ot 
swampy ground in the Gulf of Mexico, furrowed by 
numerous streams and lakes. Holland may be regarded as 
an old delta, formed by the Rhine and the other rivers that 
pass through it. And, on the coast of this country, we 
frequently find tracts of alluvi.il land, such as that forming 
Romney Marsh. Occasionally, the estuaries of our rivers 
become silted up, more or less completely, and thus impede 
lavigaCion, In the times of the Romans, the Isle of ThaneC 



was separated from the Kentish coast by a channel suff 
ciently wide to admit the Roman fleet ; but this channel i 
now choked up, and the so-called island is united by an allu- 
vial tract with the mainland. But, as a rule, the rivers of this 
country are not large enough, and have, comparatively, too 




rapid a fall, to produce deltas. Moreover, in tidal rivers, the 
regular to-and-fro motion of the water in its estuary hinders 
deposition of sediment The scour of the ebb-tide co- 
operates with the rapid flow of the river to sweep away any 
sediment thrown down during the flood-tide, when the 



downward current of the river is arrested. In some estuaries 
the tidal current is so charged with muddy matter that k is 
artificially carried over low land, in order to cover it with a 
fine silt, called warp; this is done in the estuary of the 
Humber, In cases where an actual delta is not formed, a 
bar, or shoal, may be thrown across the mouth of the river, 
and thus interfere with navigation. A river exposed to full 
^gdal action, like the Thames, has little chance to form a 
delta; and, although alluvial deposits are to be found on ils 
tunks, and shoals in parts of its estuary (Fig. 48), there is 
<Ut(Gcient scouring out of the mouth to keep its channel 

it, although the Thames forms no delta, the quantity of 
itus which it carries down from the surface of its basin 

id discharges into the sea is far from being insignificant. 
The proporrion of solid matter suspended in water varies 
considerably in different rivers ; and, in the same river, at 
different seasons. Thus, Bischof, in examining the Rhine, 
found that, when the river was turbid, it contained y^re of 
its vreight of solid matter in suspension; but, at another 
sea.son, when the water was clear and blue, it contained only 
jTsmrt'i P^rt The Ganges, which has formed such an 
enormous delta, is said to hold, on a yearly average, as much 
as sxtr'h by weight of suspended detritus. No river has 
been more carefully examined than the Mississippi, and it 
has been determined that ihe average proportion of sediment 
in this great stream is „"(j^ by weight, or ^^ by volume ; 
so that the weight of mud actually carried to sea, in the 
course of a year, reaches the enormous amount of 
812,500,000,000 pounds. 

With regard to the Thames, it has oeen estimated that it 
discharges annually 1,865,903 cubic feet of sediment 
(Geikie). Add to this tlie quantity of mineral matter 
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washed away in soluiion, to which reference was made in 
the last chapter, and it will be found that tlie total quantity 
of solid matter carried to sea by the Thames is really 
enormous. At Kingston, as has been stated at p. 126, the 
dissolved matter is estimated at about 548,330 tons per 
year. Now reckoning 15 cubic feet to the ton, which is 
about the average weight of chalk, this weight is equivalent 
to upwards of 8 million cubic feet. But this is only at Kings- 
ton, and it is certain that much more is dissolved before the 
river reaches the sea. Nor must we forget to add some- 
thing considerable to represent the quantity of coarse sedi- 
ment pushed along the bed of the river. On the whole, 
then, we shall prob:ibly not be far wrong in saying that_ 
the Thames carries down to the sea, every year, 14 million 
cubic feet of solid matter. 

Imagine a huge die-shaped mans of stone measuring 100 
feet in length, 100 feet in width, and 100 feet in height: 
this would contain one million cubic feet. No fewer, then, 
than 14 of these gigantic cubes appear to be quietly stolen 
from the surface of the Thames basin by means of running 
water, and transported to tlie sea, in the course of a single 
year. But the Thames basin covers a very large area, and 
it will be found on calculation that, admitting the abstraction 
of this vast mass, the entire surface of the basin wouid be 
reduced in level by only yj^th part of an inch every year. 
At the present rate of wear and tear, therefore, denudation 
can have lowered the surface of the Thames basin by hardly 
more than an inch since tlie Norman conquest ; and nearly 
a million years must elapse before the whole basin of the 
Thames will be worn down to the sea-level. This method 
of showing the amount of work effected by rain and rivere 
in wearing away the land was suggested by Mr. A. Tylor, 
and has since been applied with interesting results by other 



\ 



ix.] THE WORK OF RAIN AND RIVERS. 149 

geologists. Thus, Prof. Geikie has calculated* that, at the 
present rate of denudation, it would require about 5^, 
million years to reduce the British Isles to a flat plane at 
the level of the sea. It must be remembered, however, 
that such calculations are beset with grave difficulties, and 
that the results can only be put forth as rough approxima- 
tions. Nevertheless, they are not without their value in 
enabling us to form a conception of the great wearing down 
of land which must be effected by rain and rivers. 

» " On Modern Denudation." By Archibald Geikie, F. R. S. Trans- 
actions of the Geological Society of Glcugow^ vol. iii. p. 153. 



CHAPTER X. 



ICE AND ITS WORK 



Although our attention was restricted in the last chapter 
to the action of rain and rivers, it would be a great mistake 
to suppose that these are the only agents by which denu- 
dation is effected. Rain and rivers unquestionably do much 
in the way of destruction, but they work with far greater 
effect when aided by the action of frost Bare faces of 
hard rock may be exposed to the action of rain, year after 
year, without suffering any marked change : the water may 
fill the pores and fissures of the rock j yet, unless the mineral 
components happen to be easily decomposed, it will eat 
its way into the stone with extreme slowness. But when a 
frost comes on, the conditions are entirely changed, and a . 
fresh element of destruction is introduced. The water 
with which the rock is charged freezes into ice and, during 
its solidification, it tends to expand, as explained in a 
previous chapter. If the water be confined in the pores 
and cracks of the rock, the tendency is resisted ; but the 
particles, in freezing, push each other apart in all directions, ' 

,h such force, that the strongest rock is sooner or later com- 
pelled to yield. Just as a water-pipe bursts during a frost. 
^ tt)e rock ultimately gives way. Fragments of stone, often 
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i large size, are thus rent from the rock and ready to 
le down at the next thaw, exactly as the flakes peel off 
I wall after a hard frost. Nor should it be for 
Irgotien that frost does excellent work for the farmer in 
I breaking up hard ground. A stiff soil is more or less 
E loosened after a thaw, and is thus brought easily within the 
1 reach of other denuding agenls. 

In addition to the mechanical force exerted by water 
during freezing, there are other ways in which ice assists in 
the destruction of the land. In a country with a mild 
climate, like that of Britain, the effects of ice are extremely 
feeble ; yet they are not altogether wanting, even within the 
basin of the Thames. It has been explained in Chapter IV., 
that when a body of water is cooled, it shrinks in bulk, like 
other substances ; but it shrinks only when cooled down to 
a certain temperature. In fact when water is reduced to 
about 39° Fahr. (4," Cent.) ' its molecules are packed more 
closely together than at any other temperature, so that 
whelher you raise or lower the temperature above or below ■ 
ibis point, precisely the same effect is produced ; the bulk 
of the liquid is increased. At 39" Fahr., therefore, water 

' The ihermometer ciioiinoiily used in this country is graduated 
according to a. plan introduced by Daniel Gabriel Fahrenheit, a native 
ofDamiic, who settled at Amsterdam in the beginning of the last 
Mnluty, and became famous as a Iheimometer maker. In Fahrenheit's 
instrument the distance between the freeiing and boiling points of water 
Is dirided into iSo equal parts, or degree.*, and the zero or alatting- 
point of the GcaJe is arbitrarily placed 32 degrees below this fteeiiog 
point On the Continent another scale is commonly used, known as 
tbe centigraiir scale, since the distance between the freezing and boiling 
points of water is divided, into one hundred degrees. The centigrade 
scale is now frequently used in scientific investigations in this countr]'. 
As a given temperature is indicated by different numbers on tlie two 
scales, they are distinguished by addition of "Fahr." nnd "Cent." to 
flie readings or simply by the initials F. and C. 
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is said to have its maximum density. This can easily be 
observed by repeating an old experiment devised originally 
by Dr. Hope. Insert two thermometers (Fig, 38), at 
different levels into a cylinder of water, and cbill the water 
by applying ice around the middle of the vessel. As the 
water becomes cooled it grows denser, and therefore sinks 
to the bottom, so that the lower thermometer falls until it 
reaches 39" Fahr. Further cooling dien expands the water, 
instead of condensing it, and consequently the cold water 
rises, so that now the upper thermometer, which has mean- 
while been almost stationary, 
begins to fall, and continues 
falling until, like the tipper one, 
it reaches 39° Fahr. The whole 
body of water is then at its maxi- 
mum density, and any further 
reduction of temperature causes 
expansion, the cold water becom- 
ing specifically lighter and rising 
to the surface. Gradually, the 
upper thermometer sinks to the 
freezing-point, and then a layer 
of ice begins to form upon the 
surface. This experiment roughlj- 
s what occurs in a natural piece of water, such as 
a lake : the surface freezes, while the bottom-water remaJDS 
several degrees wanner. 

At the moment of freezing, when the particles of water 
are trying to arrange themselves in those crystalline forms 
which were noticed in Chapter IV., there is an increase 
of bulk much greater than that just described. 

Ice, being thus relatively much lighter than water, floats 
upon the surface, Vet there are certain conditions under 
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whicli ice may be actually formed at the bottom of a 
stream, and remain there for some time. This format 
tion of ground-ice is occasionally seen in parts of the 
Thames. 

Dr, Plot, the first keeper of the Ashmolean Museum at 
Oxford, published in the year 1677 a famous work on the 
Natural History of Oxfordshire, in which he refers to the 
freezing of the Thames in the following words ; — " I (ind 
it the joint agreement of all the watermen hereabout that 
I have yet talked with that the congelation of our river is 
always begun at the bottom, which, however surprising it 
may seem to the reader, is neither unintelligible nor ridi- 
culous. They all consent that they frequently meet the ice 
iiieers (for so they call the cakes of ice thus coming from 
the bottom) in their very rise, and sometimes in the untJer- 
side including stones and gravel." 

To explain the formation of such ground-ice, it has been 
suggested that the action of the running stream mechanically 
mixes the cold surface-water with the warmer water below 
until the temperature becomes uniform throughout ; and 
when the air is very cold the whole mass may thus be 
reduced to the freezing-point The formation of ice will 
then be determined at the bottom, in consequence of the 
greater tranquillity of the water and the contact of cold 
stones and other objects which have become chilled by free 
radiation. This ground-ice is generally found in little masses 
clinging to stones and weeds ; and, when the temperature 
rises afier sunrise, the loose bodies are lifted to the surface by 
the ice, just as if buoyed up with corks. The ice then floats 
down the river, bearing its little freight of gravel, which is 
dropped on the bed of the river when the ice is broken up 
or melted. The Rev, J, C. Clutterbuck, who has paid 
great attention to the study of the Thames, tells us that he 
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has seen " pieces of rock, eight pounds in weight, raised by a 
mass from the bottom and carried down the river." ' Here. 
then is a geological agent not to be neglected, since it 
assists tiie transporting power of streams in carrying solid 
matter from the land seawards. But, if the geological im- 
portance of ice is to be fully realized, attention must be 
turned from these trivial illustrations to the grand spectacles 
which are presented by masses of moving ice in mountain 
regions beyond the limits of our own islands. 

When a snow-storm occurs in this country, the snow docs 
little or nothing in the way of denudation, beyond what it 
may effect indirectly, by giving rise to floods when a rapid 
thaw takes place. In fact, the snow, as snow, protects 
rather than destroys. But the result is different in a 
mountainous country, such as that of the Swiss Alps. The 
greater part of the snow which falls there above the snow- line, 
as explained in Chapter IV., lies all the year round un. 
melted ; and, therefore, every fall must needs add to the 
thickness of the heap piled upon the mountain-top. It is 
true that the snow evaporates, but the evaporation is 
extremely slow, and is far from equal to the additions con- 
stantly received ; and, though the heat of the sun during 
the day, may melt the surface layer, the water thus formed 
sinks in and becomes frozen in die interior of the mass. 
Occasionally, the accumulation is relieved by a great mass 
of snow sliding down the mountain slope, as an avalanclie. 
Usually, however, the pressure of the heaped-up snow gets 
rid of the surplus by gently squeezing it into the valleys 
below, where it moves down with extreme slowness. Yet 
it does not come down as a mass of white opaque snow. 
It has been shown in an earlier part of this work (p. 64) 
that snow is white and opaque in consequence of the 

■ KcpcH of the Thaaifs Commiukmrs, Appendix i. 1866. 
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air entangled among its crystals. In squeezing a handrul 
of snow into a snowball, some of this air is forced out, and 
[he loose crystals begin to adhere to one another ; while, by 
compressing snow very tightly in a hydraulic press, it may 
be rendered almost homogeneous and thus brought nearly 
to the condition of ice {see p. 158). In tliis way, the great 
pressure exerted by the piles of snow in the Alpine snow- 
6elds compresses the lower layers, and converts them more 
or less completely into ice. The imperfectly consolidated 
substance, partly snow and partly ice, is known in Switzer- 
land as Neve or Fim. Moreover, tlie water produced by 
temporary thaw, during sunshine, becomes frozen into ice; 
and, in these and other ways, the water, which fell on the 
mountain-top as loose white snow, is ultimately sent down 
into the valleys in the form of solid ice. The river of ice 
which thus drains the high snow-lields is termed a glader 
(Fig- Z9)' 

Although we have just spoken of a " river of ice," it is not 
easy, at first, to believe that a substance so solid and rigid can 
really move in any way like a mobile liquid. Yet the fact 
that the glacier does so move can easily be demonstrated. 
Drive a row of stakes finnly into the ice across a glacier and 
opposite to some well-marked point, as at a in Fig. 40, so 
that you may know exactly their position. If you examine 
these stakes a week or two afterwards, you will find that they 
are no longer at A, but at some point lower down the glacier, 
say opposite to B. The ice has therefore moved during this 
time from a to b, carrying the stakes with it. 

From this experiment it is seen that the ice really moves. 
But the experiment teaches something more than this ; for 
it will be observed that the stakes have not only moved 
down, but have changed their relative positions. Instead of 
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forming a straight line across the ice, as at A, they row form 
a curve at b ; the slakes in the middle of the row have got 
farther from a than those at the sides, and it is therefore 
clear that they must have moved faster. But the movement 
of the stakes is due simply to the movement of the ice, so 
that if the middle stakes move faster than the side ones, it 
shows that the middle of the glacier moves faster than its 
sides. Exactly the same thing 
may be observed in a river ; light 
bodies floated on a stream move 
like the stakes carried down by 
ihe glacier. Nor is it difficult to 
ste why a river should flow more 
rapidly in the middle than at its 
sides. The particles of water at 
Ae sides rub against the banks, 
JU4 consequently are not so free 
IS the particles in the 

die of the stream. In like 

IBCr, friction against the rocky 
ISSlS on the flanks of a glacier ^'°- la-Moiimof agia=Lsr. 
causes the ice at the sides to 

move more sluggishly than the ice in the middle. Again, 
it is known that, in a river, the particles at the bottom drag 
along the bed and move less rapidly than those at the 
surface. The ice of a glacier behaves in precisely the same 
iray. It is concluded, therefore, that the motion of a glacier 
is like the motion of a river. If the glacier enters a gorge, 
It becomes contracted and the flow is rapid ; while, if its 
bed widens, it spreads out and the movement becomes 
slower. In truth, in all points, the motion of a glacier 
resembles that of a river ; the movement is essentially 
flic same in kind but different in degree, the rate of 
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movement of the glacier being perhaps only a few inches 
or, at most, a yard or two, daily. 

This sluggish motion of a glacier, and the way in which it 
accommodates itself to all the inequalities of the surface 
over which it travels, long ago gave rise to the supposition 
that ice is a plastic or viscous substance, something like 
dough or even treacle, so that it can sink into a depression, 
or ride over a ridge, without losing its continuity. Yet, as 
a matter of fact, ice is so brittle that if you pull, or try to 
bend, it, it will snap, without stretching to any appreciable 
extent How, then, can the apparent plasticity be recon- 
ciled with the undoubted brittleness ? Prof Tyndall ' has 
shown the way out of this difficulty. 

When a schoolboy makes a snowball, he squeezes a hand- 
ful or two of light snow into a hard compact lump ; and it is 
worth noting that, if the snow be just on the point of thaw- 
ing, he will be able to weld it into a firraer mass than if he 
employed perfectly hard and dry snow. Snow, as we have 
seen, is nothing but a confused mass of ice-crystals ; and 
the snowball becomes hard, partly, because it contains leK 
air, and, partly, because the httle pieces of ice of which it 
is composed, instead of remaining loose, stick firmly to one 
another. But why do they thus become welded together? 
Experiment shows that when two pieces of damp ice are 
pressed together, they immediately freeze into one solid 
mass. Faraday observed this curious fact five -and- twenty 
years ago, and the phenomenon has been termed rtgdation. 
Hence, when snow is strongly squeezed, the icy particles 
freeze together into a compact substance ; and, hence, the 
snow from which a glacier takes its birth, is pressed by the 
weight above into a hard mass, more or less like true ice. 

> See Tkt Glaaert ^ tht Alps, by John Tjndall, F.R,S. i860. 




Ea number of pieces of ice, powerfully squeezed together 
a hydraulic press, are readily united into a solid lump, 
or ft single mass maybe crushed, and the fragments built 
up into a differently shaped body. In a similar manner, 
wlien a glacier is forced over an obstacle, the ice, being 
brittle, cracks and snaps, but the enormous pressure of 
the sliding mass behind, squeezes it together again, and 
regelaiion immediately heals the fractures. The glacier 
therefore accommodates itself to irregularities in its bed, 
not by virtue of any real plasticity, but by being succes- 
sively fractured and frozen. In fact, by suitable means, ice 
may be artificially moulded at will, as though it possessed 
tnie plasticity ; and a similar operation is doubtless carried 

As it creeps down the valley, the glacier transports, from 
higher to lower levels, any detrital matter that may happen 
to fall upon its surface. From the neighbouring rocks, 
fragments are constantly being loosened by atmospheric 
agents, and these, sooner or later, tumble down upon the 
Racier. In this way, a line of de'bris fringes each side of 
the glacier, some of the stones being perhaps several tons in 
weight Such accumulations of detritus are known as mo- 
raines ; and, as those which are now being described, occur 
on the two sides of the ice-river they are distinguished as 
lateral moraines. As the glacier moves along, the moraine- 
matter is carried forwards, until, at length, it reaches the end 
of the glacier; and thus fragments of rock maybe transported 
down the valley, far from the heights above. The water 
which issues from the melting ice, at the end of the glacier, 
is unable to carry off this burden of stones which the ice has 
deposited ; and, hence, we generally find, across the end of 
the glacier, a confused heap of rubbish, known as a terminal 
When two streams of ice unite, the lateral 
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; unite also, as in Fi^. 41, where a b c d represent 
the four lateral moraines of two glaciers. It is clear that, 
after the union of the two branch-streams, the outer moraines, , 
A and D, will continue to occupy the sides of the trunk- — 
glacier; while the two inner moraines will unite at the fork _^ 
a, and form only one ridge of detritus, which will be carried ^ 
along the middle of the main glacier. This middle line of* 
stones is therefore distinguished as a nudial 




ts course many side-branches, each con- 
tributing its moraines, the entire surface of the ice may 
ultimately become strewn with rubbish. 

A glacier resembles a river, not only in its power of thus 
transporting detritus from a higher to a lower level, but also 
in acting as a direct agent of denudation. Just as a rivo: 
wears away its banks and its bed, so the ice acts on the sides 
and bottom of the valley along which it travels. If the 
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ice has to turn a sharp corner, or make an abmpt descent, it 
is forced to split, and in this way yawning chasms, perhaps 
hundreds of feet in depth, are produced in the glacier. 
Sucli rents are termed crevasses. Stones, sometimes of great 
size, fall with a crash down these clefts, and reaching the 
bottom of the glacier get frozen into its base. As the 
glacier moves, these stones, pressed by the weight of ice 
above, scratch and scorfe the rocky bed in the direction of 
the ice-flow; while the stones themselves, jammed in between 
the ice and its floor, get bruised in turn, so that by the time 
they are discharged at the terminal moraine they may be 
covered with parallel scratches. 

At the same time, the smaller fragments worn off the rocks 
^^y the passage of a glacier get ground down into fine 
gravel, sand, and mud, which may be carried in suspension 
by the stream of water which flows over the bed of the 
glacier. For it should be noted that the bottom layer of 
ice, pressed by the weight above, and grinding along the 
floor, is generally in a state of thaw ; and, moreover, water 
finds its way from the surface to the bottom through cre- 
vasses. Hence, a little liquid stream separates the bottom ice 
from the rocky bed; and at the end, or snout, of the glacier 
this water issues forth, not indeed as a clear bright spring, but 
*s a thick stream laden with detritus. The Rhine, the Rhone, 
the Po, the Ganges, and many other large rivers, may be traced 
^ack to muddy streams springing from glaciers. The fine 
^^trital matter which the water thus carries along polishes 
the surface of the rock over which it flows. The action of 
^ glacier is consequently twofold : the fine sandy matter 
Polishes the surface, while the large stones scratch furrows. 
*^ is, in fact, as though some giant hand had rubbed the 
^^rface of the rock with fine emery powder, and at the same 
^^e rasped it with a huge file. 
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All rough poiDts of rock in the path of a glacier are thus i 
rubbed down, and projecting masses are smoothed to the ' 
form of rounded bosses. The flat-domed hummocks of 
rock produced in this way are termed skefp-backs or raiha 
mimhviiut:' {Wi. pi. sinri.-. if -ieen in the distance, they bear _ 




some resemblance to a flock of sheep. Hence, the passage 
of a glacier across a country gives rise to peculiar features 
not produced by any other agent of denudation ; and, by i 
these peculiarities, we may tell, with certainty, that ice ha$| 
been at work in a district where there is, perhaps, not 1 
vestige of ice at the present day. Thus, in many of the J 



X.] ICE AND ITS WORK. 163 

valleys of Switzerland, not now occupied by glaciers, the 
rocks are rounded, polished, and scratched, showing that 
the Swiss glaciers must formerly have been of gigantic 
proportions and that they extended far beyond the limits 
retained by their present successors. 

On travelling northwards, the snow-line is found to 
descend until, in the Arctic Regions, it comes down to the 
very sea-level. Hence, in such regions, the entire surface of 
land may be enveloped in a mantle of ice. This ice-sheet 
creeps down towards the shore, until its foot at length 
advances into the sea. Huge masses of ice then become 
detached, and are sent drifting away as icebergs. These 
mbimtains of ice often assume most fantastic shapes ; and 
diinr-Tast mass produces so great a depression of tempera- 
ture in the neighbouring air that, when they are carried into 
the-Atlantic, they are usually obscured by a shroud of mist 
TfcfS' icebergs, like glaciers, are laden with fragments of rock 
HOm from the land over which the ice-sheet travelled ; and 
frb^ on reaching warmer waters, they melt, they discharge 
di^^eight of stones and earth, which may thus get carried 
fiirftom their original home. When blocks of rock are 
bMie along by running water, they become rounded by the 
kkA6n to which they are subjected ; but, when a fragment 
of rock is transported on an iceberg, it may retain much of 
ks angularity and be dropped upon the sea-bed in an 
almost unworn state. The finer detritus which the berg 
carries will be diffused through the water in which the ice 
melts ; and currents may transport it far away into southern 
latitudes. If a glacier descends to the edge of a lake, exactly 
the same thing occurs as in the formation of an iceberg. 
A tongue of ice is pushed into the water, and bergs break 
off and float away, carrying their burden of moraine matter 
to be strewn over the bottom of the lake on the melting of 
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the floa^ng ice. If the bottom of the lake, or of the sea, 
should at any time be upheaved, ihe glacial nnud and gravel, 
with angular bloclts and ice-scratched bouldera, may be 
exposed to view ; and may thus furnish evidence of glacial 
denudation in countries which are now free from anything 
like glaciers or icebergs. 

Other evidence of ice-action is afforded by the peculiar 
position of large angular blocks of stone, poised perhaps 
upon the very edge of a precipice, or balanced upon a mere 
point. Such stones, known zs ptrcked blocks or bhcs perches, 
could hardly have been brought into their strange position 
by mere rolling, or by the action of nmning water ; but it is 
easy to see tliat they might have been dropped by an ice- 
berg, or left stranded by the gradual melting of a glacier on 
which they were originally seated. 

It is now more than a quarter of a century since the late 
Prof. Agassiz, who had been a diligent observer of glacial 
action in Switzerland, visited this country, and in company 
with Dr. Buckland pointed out the evidence of former ice- 
action in many parts of Britain. The traveller in Scotland, 
Ireland, Cumberland, or North Wales, will have no diffi- 
culty in detecting roches Tnontoniiks, perched blocks, and 
occasionally the remains of old moraines ; while here and 
there, where the rocks have been protected, the glacial 
polish and striations are still preserved. Such evidence 
conclusively proves that ice must have flowed over the sur- 
face of the country, It is believed, indeed, that at one 
period of geological history, known generally as the Glacial 
Period, Britain must have been buried beneath a vast sheet 
of ice, similar to that which now covere Greenland. This ice 
played its part in rasping and grinding and polishing the 
surface of the land ; and it has even been suggested by Prof. 
y that many of the rock-basins which contain lakes 
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have been scooped out by the action of huge masses of 
moving ice. Nor is it only the effects of land- ice which 
the glacialist sees marked upon the rocks of Britain. During 
part of the Glacial Period, the land must have been sub- 
mei^ged beneath the waters of an icy sea; and icebergs, 
drifting from the north, scattered their freight upon the 
rocky floor which has since been upheaved as dry land. 
Even in the very neighbourhood of London, as at Finchley, 
deposits of gravel and clay may be found crowded with ice- 
bome boulders, which still retain their glacial scratches. 
This drifts as it is termed, not to cite other evidence, suffi- 
ciently shows that there must have been a time when ice 
played its part, as an agent of denudation, within the basin 
of the Thames. 



CHAPTER XI. 

THE SEA AND ITS WORK, 

At Margate, where the estuary of tlie Thames ends in 
the North Sea, even a Wind man could not stand long upon 
the shingly beach without knowing that the sea was busily 
at work. Every wave that rolls in from the open ocean 
hurls the pebbles up the slope of the beach ; and then, as 
soon as the wave has broken and the water has dispersed, 
these pebbles come rattling down with the currents that 
sweep back to sea. The chattel of the beach thus tells us 
plainly that, as the stones are being dragged up and down, 
they are constantly knocked against each other ; and, it is 
evident, that, by such rough usage, all angular fragments of' 
rock will soon have their corners rounded off, and become 
tubbed into the form of pebbles. As these pebbles are 
rolled to and fro upon the beach they get worn smaller and 
smaller, until, at length, they are reduced to the state of sand. 
Although this sand is at first coarse, it gradually becomes 
finer and finer, as surely as though it were ground in a reiill j 
and, ultimately, it is carried out to sea as tine sediment, and 
laid down upon the ocean-floor. 

n of the chalk cliffs, which back the beach,. 
hese suffer by the constant da; 
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the waves. Rain, fro^t, and other atmospheric agents, 
playing their part in the work of destruction, attack the cUft 
and dislodge masses of rock which come tumbling down to 
its base, where they accumulate as a line of rubbish. As 
soon as the fragments are brought within reach of the waves, 
they are rolled against the cliff, bruising and battering the 
face of the rock, while the fragments themselves are apt to 
get shivered in the fray. 

During violent gales the breakers acquire unusual power, 
and are able to move rocks of enormous weight. On the 
western coast of Britain, where the Atlantic breakers roll in 
upon the shore, they have been known to exert a pressure 
of between three and four tons on every square foot of 
surface exposed to their fury. Even in summer, these waves 
break upon the coast with a pressure of about 600 pounds 
per square foot ; and, in winter, this force is often trebled. 
It is easy to believe that such masses of moving water can 
carry with them huge blocks of stone, and hurling these 
against the shore, can breach it just as effectually as though 
it were attacked by the blows of a battering-ram. In fact, 
whether in storm or in calm, a cannonade, more or less 
sharp, is constantly kept up against the coast, the ammuni- 
tion being supplied by the ruins of the coast itself. 

Were the waves to break upon the shore without the aid 
of any fiagments of rock, the mere weight of water would 
naturally effect some amount of destruction ; but, there is 
reason to believe that, in most cases, this would be 
comparatively slight. It has been already shown that a 
river erodes its channel, not so much by its own friction, as 
by that of the sedimentary matter which it sweeps along in 
its course. In like manner, the wear and tear of the waves 
themselves is insignificant compared with that wrought by 
the boulders and pebbles, the gravel and sand, which they 
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bring to bear upon the coasL Every wave canies, as it 
were, a number of stone hammers, with which it bruises and 
batters the cliffs ; and, as this action is persistently repeated 
by wave after wave, the hardest rock is at length forced to 
yield. 

Almost any part of our coast-line will serve to show the 
destructive effects of the sea. It is true, the action is much 
less marked in some directions than in others; while, at 
certain points, the sea may be engaged, not in destroying, 
but in actually forming land, by deposition of sedimentary 
matter resulting from the destruction of the shore elsewhere. 
As a rule, however, abundant evidence of marine waste may 
be seen on any visit to the seaside. Bays and coves may 
be hollowed out in one part of the coast, and a headland 
may be worn aw.iy in another: here, caves are being ex- 
cavated in the base of a cliff; there, tunnels are drilled 
through some projecting rock; while, in many places, wall- 
like masses are partially detached from the cliffs so as to 
stand out as buttresses, or are even completely isolated ia 
the form of " needles," " stacks," and " skerries." A good 
example of marine denudation is furnished by the well- 
known Needles off the Isle of Wight (Fig. 43). A ridge of 
chalk runs across the island fcom east to west, and it is 
evident that the outstanding wedge-shaped masses were 
once connected with this main body, though now completely 
surrounded by the sea. The headlands of chalk have been 
beaten about by the waves until a passage has been forced 
at ft weak point, here and there ; and pillars of chalk have 
thus been separated from the mainland. 

Where cliffs are formcii partly of hard, and partly of soft, 
rocks, the latter will naturally be more easily attacked by 
the waves. The fantastic forms which sea-chfis assume may 
«ft«n be explained on this principle ; the harder beds, or 
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dykes, of rock standing out in bold relief when the neigli- 
bouring softer rocks have been eaten away. The oldest, 
and, as a rule, the hardest rocks of Britain are developed in 
the western and northern parts of the island, and hence the 
sea acts with less effect iipon them than upon the softer 
rocks in the east and south of England. Even cursory 
inspection of a map of England and Wales serves to show 
how the flowing outlines of the chalk coasts of Norfolk, 




incolnshire, and Yorkshire, contrast with the sharp outlines 
i bold headlands formed by the old rocks of western 
Ilornwall, Pembrokeshire, and Carnarvonshire. 

In the estuary of the Thames, the rocks are comparatively 
soft, consisting for the most part of sands, clays and chalk. 
Within the Thames Basin, then, there should be no difficulty 
in obtaining evidence of marine waste. Thus Sir C, l^yell 
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has pointed out that the Isle of Sheppey has suffered con- 
siderably by the inroads of (he sea, fifty acres of land 
having been lost within the short space of twenty years, 
though the cliffs there are from sixty to eighty feet in height 
Heme Bay, on tlie Kentish coast, has lost land to such an 
extent that it no longer retains its shape as a bay. Going 
yet further out into the estuary of the Thames, we find a 
notable illustration of marine destruction at Re culver. 
This was the old Roman station of Re^dbiunt. Not only 
has the sea entirely destroyed the military wall, but the 
church, which in the lin-e of Henry VIII. was nearly a mile 
inland, is now on the very brink of the cliff; and, indeed, it 
has only been saved from actnal destruction by artificial 
means. As the two towers of the church form a well-known 
landmark to mariners, a causeway has been constructed on 
the beach to arrest the progress of the sea. 

If the sea were a body of water in perfect repose, it 
would be utterly incapable of effecting mechanical erosion. 
But every one knows that the sea is never absolutely at rest, 
and that, even in the calmest weather, its surface is ordi- 
narily more or less troubled with waves. It is easy to 
understand how these are formed. When you blow upon 
the surface of a basin of water, the mechanical disturb- 
ance of the air is immediately imparled to the liquid, 
and the surface is thrown into a succession of ripples. 
In like manner, every disturbance of the atmosphere finds 
its reflex on the surface of the natural waters. Each puff 
of wind catches hold of the water, and heaps it up into 
a litde hill with the face- to leeward; then the crest falls, 
and the water sinks down into a trough, as deep below 
the mean surface as the hill was high above it; but the 
next column of water is then forced up, only however to 
bfi pulled down again, and in this way the motion of the 
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wave may be propagated across a broad expanse of water. 
Drop a stone into a pond, and the same kind of action 
will be seen : the water all round the spot where the stone 
falls is first depressed in a little cup, and then rises again. 
the motion being taken up by the neighbouring water; and 
a succession of circles, each wider than the last, spreads 
over the pond, until the ripples at length die away upon 
the shore. If any light object, such as a cork, happens 
to be floating on the surface, it will serve to indicate the 
the motion of the water below. As the waves reach it, the 
cork rises and falls, but it is not carried forward by the 
movement of the water. Exactly the same kind of action 
may be witnessed at sea. If a gull, for example, is seated on 
a wave it is simply rocked up and down, and not moved 
onwards. 

Such simple observations are sufficient to show that the 
motion of the water is a movement of undulation and not 
of translation; it is merely the form of the wave, and not 
the actual water, that travels. The motion is transmitteil 
from particle to particle, to a great distance ; but the par- 
ticles themselves perform very small excursions, merely 
vibrating tip and down, or rather revolving in vertical 
circular paths. The general effect is similar, as has often 
been pointed out, to that witnessed when a gnst of winii 
sweeps across a field of com. Notwithstanding the im- 
pression produced on the observer, he knows that any 
movement of translation is here quite out of the question ; 
the stalks are not uprooted and carried across the field, 
but each stalk simply bends down before the wind and 
then returns to its erect position. Similarly, in the open sea, 
the wave, or pulsation, is propagated, but the mass of the 
water at any given spot remains stationary, except in so far 
as it vibrates up and down. The mechanical force of the 



wind, however, urges the surface-water forwards to a small 
extent, A fresh breeze tears off the water from the crest 
tjf a wave, and scatters it as spray, and a heavy gale con- ' 
verts this into blinding showers of salt rain. The wind too 
catches the top of the wave, and causing it to move faster ' 
than the water below, urges it to leeward in the form of a 
graceful curl, the edge of which breaks into foam. On ' 
reaching a shore, the retardation of the deeper part of the 
wave by friction against the sea bottom, increases the i 
relative velocity of the superficial part, and the latter . 
tolls over; the water bursts with great force upon the 
land, and then sweeps back, as a powerful " undertow," i' 
to the sea. ' I 

However agitated the surface of the sea may be, there iti 
reason to believe that the disturbance never extends fat's 
downwards. The more violent the wind, the greater of', 
course will be the agitation which it is capable of pro- [j 
ducing ; but, even during a storm, the waves never attain j 
to anything like the height which is often popularly ascribed |i 
to them. It is not uncommon to hear of the sea running"* 
"mountains high;" yet, in a strong gale in the open ocean. B 
the heiglit of a wave, from crest to trough, rarely exceedaJ 
forty feet. In the shallow seas around our own islandS|.j 
they are far from attaining' to such a magnitude; the largest] 
n'aves, even in a storm, not exceeding eight or ten feet in ' 
height. The disturbance produced by such waves extendi ■ 
downwards to only a comparatively small depth. In fact,' 
the motion of the largest waves is almost imperceptible at a| 
depth of about 300 fathoms, or i,8oo feet; while the agita«J 
lion produced by ordinary waves must be quite insignificant^ 
at one-third of tliis depth. So far, then, as the destructioit'l 
of the land by the sea depends on the mechanical action ; 
of such waves, it must cease at about 100 farhoras. IndeedV 
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5 than this; 
■t very marked 



il is probably very feeble at depths much l 
and, is most cases, on our own shores, i 
below the limit of the lowest tide. 

Winds not only agitate the sea and produce irregular 
!, but where they are constantly blowing over the ocean 
in a definite direction they cause the surface-water to take 
B» similar course, and thus produce steady drifts or currents. 

If. Croll has shown that the direction of the great ocean 

[Tents agrees very closely with that of the prevailing 
grinds. Bottles thrown overboard from ships in the open 

ean may be carried by these currents for hundreds of 
miles, and ultimately cast upon distant shores. Pieces of 
Bood, and nuts and seeds, known to be native to the West 
Indies and tropical America, are occasionally drifted across 
ihe Atlantic, and are washed on to the western shores of 
England, Scotland and Ireland, and even across to Norway. 
In like manner, the Portuguese men-of-war {Physalla, Veklla) 
|-.»nd those oceanic snails with violet shells called lantkina, 

E now and then brought as visitors to our coasts, though 

maUy confined to warmer seas far to the south and 

rest. 

I Perhaps the best known of these oceanic currents is the 
'f Stream, which is a broad body of warm water sweep- 

f out of the Gulf of Mexico, through the Strait of 
After running northwards, nearly parallel to the 

ast of the United States, it strikes across the Atlantic 
a north-easterly direction. Warm currents, which 
continue the direction of the Gulf Stream, set (in to the 
western shores of Britain and even extend to the coast of 
Norway j while, other currents, parting with these in mid- 
ocean, turn to the south and sweep round the coasts of Spain 
and Northern Africa. The cause of the Gulf Stream is un- 
'. doubtedly to be sought in the so-called "Trade Winds," which, 
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lody blowing more or less from the noith-eastwaid, ^ 
give a westerly impulse to the inter-tropical surface waters 
the Atlantic, and thus create the current, which sets into the 
Gulf of Meidco. But, whether the stream, after it leaves 
the coasts of the United States, retains sufficient impetus to 
cany it to our shores ; or whether, as some believe, the true 
Gulf Stream is lost in the middle of the Atlantic, and any 




s felt on our own coasts are due tu the pre- 
dominant south-westerly winds of the temperate part of die 
Atlantic, is as yet uncertain. 

The general course of the Gulf Stream is shown in Fig. 
44. Where the water issues from the Gulf of Mexico, through 
the Florida Narrows, it has a temperature of upwards of So° 
Fahr. and moves at the rate of between four and five miles 
In passing across the Atlantic, the current widens. 
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a speed is slackened, but it cools with extreme slow- 
—Bess, 80 that it carries along a considerable store of heat. 




The stream forms, m fact, a shirph defined ri\er of warm 
n'ater flowing over the colder water of the ocean. 



I 

I 
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That the Gulf Stream is an CKtreniely shallow body of 
water is well seen in Fig. 45, which is reduced from 
Sir G. Nares' reports to the Admiralty on the Challenger 
expedition. It represents a section of the North Atlantic, 
between New York and Bermuda; and it shows in a very 
striking manner, that, when compared with the great depth 
of the ocean, the Gulf Stream is extremely superficial. It 
may indeed be regarded as a mere rill of warm water 
running over the surface of the sea ; ,for, while the water 
below is considerably more than z.ooo fathoms in depth, 
the Gulf Stream itself is not more than too fathoms deep. 
It is seen, too, that, while the Gulf Stream has here a tem- 
perature of 75°, the bottom water has as low a temperature 
^s 35°3 F, Incidentally, the diagram in Fig. 45 serves t 
show the character of the sea-bottom along the line of 
section ; it shows, for example, that the island of Bermuda 
rises as an isolated peak from water of great depth.^ 

After what has been explained in Chapter IV. respect- 
ing the effect of heat in altering the bulk of bodies, it 
will be understood that a body of warm water, like thai 
of the Gulf Stream, can easily float upon water which i 
colder and therefore denser. When a mass of water i 
unequally heated, by raising its temperature below, or by . 
lowering it above, currents are at once established ; and, 
if light matter, such as sawdust, be suspended in the liquid, 
the direction of these currents becomes very evident 
Thus in Fig. 46, where heat is applied at the bottom of 
a vessel, the liquid becomes specifically lighter and therefore 
rises, whilst the surrounding colder water being denser, 1 
down in streams to supply the place of that which has 
ascended to the surface. This is, in fact, the ordinary way , 
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in which heat is propagated tlirough a body of liquid, and 
iVie process is called convection,' to distinguish it from con- 
duction, or tlie method by which heat is propagated througli 
solid bodies. In conduction, the heat is passed on from 
particle to particle, and thus travels through the mass, while, 
I& convection, the heated particles themselves move. Again, 
»tfapiece of ice be dropped into a tumbler of slightly warm 
• «ater, a system of currents will also be established, as in 
I fig. 47. From ihe bottom of the piece of ice a clear 




stream of heavy cold liquid flows down the middle of the 
glass, like a stream of clear oil, while the neighbouring 
water, which is comparatively warm, flows upwards in 
cnnents nearer to the sides of the vessel. 

Unequal cooling or heating of the great natural masses 
of water will be competent to produce a circulation similar 
to that just described. During the recent voyage of the 
Challenger the temperature of the sea at different depths 



' Convittion, from LaL 
euiied by carrents tbrousli Ihe fluid 






I cany, the heat being 



was very carefully examined by means of instraments 
specially constructed to avoid sources of error. These ob- 
servations show that, as a rule, the temperature diminishea 
as you descend, Just as was shown to be the case in the 
North Atlantic. Reference to Fig. 45 shows that the 
bottom-water of that part of the ocean has a temperature 
only a little above 35° F. ; while, in other places, it is still 
lower, and may even descend below the freezing-point of 
fresh water.' It appears that the presence of such cold 
water in the deeper parts of the ocean, even in tropical 
regions, can hardly be explained otherwise than by assum- 
ing a grand movement of water from the polar towards the 
equatorial regions. Dr. Carpenter has brought forward 
much evidence to prove the existence of such a general 
oceanic circulation, and he refers the movement mainly to 
differences of density due to differences of temperature. 
The cold polar waters sink by their density and form a 
deep layer, which creeps along the ocean-floor towards the 
equatorial regions ; while the warmer and relatively lighter 
water floats on the surface in a contrary direction, or from 
equatorial towards polar areas.^ 13y such means, a complete 

• The freezing-point of water is lowered by the addition of common 
salt, and ordinary sea-water does not freeie nnlil reduced to 28°'4 F, 

' The character of this circalsCion will of course be greatly luodilied 
hy the shape and depth of the sea-bottom over which the cold water 
creeps. Thus, the southern part of the Atlantic basin communicatel 
freely with the Antarctic Sea, and the influx of cold water is Ihero- 
fore unimpeded ; but the northern part of the basin is contracted, and , 
the principal channe! through which Arctic water can flow southward* ' 
is the shallow channel between Greenland and Iceland ; hence ttie ' 
underflow of glacial water from the North will be mnch less than lhM» 
from the South. This is still more strikingly shown by the shape of 
the great Pacific basin, where the communication with the Northern 
Polar seas h confined to the narrow and shallow channel of Behring'i 
very little glacial water can flow to the soutb, 



circulation might be established; and it has consequently 
been said that every drop of water in the open ocean 
may, in course of time, be brought up from the greatest 
depths to the surface. Other meteorological conditions, 
however, may exert an influence of the same kind, as great 
IS, or even greater than, that produced by difference of 
temperature. Sir Wjville Thomson regards the influx of 
cold water into the Pacific and Atlantic Oceans from the 
south as an indraught due to " the excess of evaporation 
over precipitation in the northern portion of the land 
hemisphere, and the excess of precipitation over evaporation 
in the middle and southern part of the water hemisphere." ^ 

It seems probahle that ocean-currents are of no great 
importance as agents of denudation or of transporL A 
slow circulation of the entire mass of the ocean, brought 
about by such comparatively slight differences of density in 
the water of different parts of tlie ocean, as are here under 
consideration, might perhaps facilitate the dispersion of the 
finest sedimentary matter. Again, where the surface-currents 
strike upon the shore they must do something in the work 
of denudation, though as a rule this will be extremely slight; 
the effect of currents, indeed, is not so much to abrade the 
lind as to carry off the results of its abrasion by other means, 
Md to distribute the finely-suspended matter, far and wide, 
over the floor of the ocean. 

1q addition to the movements of the sea which have 
been already noted in this chapter — the wind-waves, the 
siiriace-currents, and the general circulation — it must not 

floiM it is believed by Sir Wyvilie Tliomson that the greater part of 
'be cnld boltom-water jti the North Fa.cirii:, anrl a good deal of that in 
lie Korth Atlantic, is an indraught from Antarctic, and not from Arctic 

tas. 

' Froc/edings of llu Royal Sbcu!}\ vol. skiv. No. 170, p. 47a 
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be forgotten that the ocean is subject to that graod 
rhythmical movement which was referred to in the firsl 
chapter. We saw, when standing on London Bridge, thaA 
the water regularly ebbed and flowed; and, what it doe 
there, it does at every point along our coasL Twice ii 
every four-and-twehty hours the margjn of the sea rises 
and twice it falls, so that its level is constantly shifting a|0 
and down. And yet it is a common practice to say that i 
given elevation is so many feet above the sea-level. Sud 
a statement assumes that the standard taken is neither high 
water mark nor low-water mark, but the mean level between 
the two ; the water rising, at one time, as much above on* 
standard level as it falls, at another time, below it. Th* 
Ordnance Survey has fixed its datum line, or standard from 
which all heights are measured, as the mean tide-level a' 
Liverpool. The level of high water at London Bridgci 
which is sometimes taken as a standard, is called, frooH 
the Trinity House, " Trinity High-water mark." 

As the cause of the tides is to be found outside oua 
earth, its explanation must be deferred lo a later portion O^ 
this work. It is sufficient to remark, in this place, that the 
great tidal-wave, which travels round the earth, is an osdlla-— 
tory wave, and not a wave of translation ; the water simpl^^l 
rising and falling, but not moving onwards. While, hoW — ' 
ever, this is true of the tidal wave in the ocean, it must b^ 
borne in mind that, in narrow seas, it becomes converted 
into an actual wave of translation. Where the channel *^ 
contracted, as in a narrow strait, the tide may produce ^■ 
rapid rush of water, or a race. If, again, the tidal vtay^ 
rolls into a narrow estuary, the water becomes heaped up* 
and produces a sudden rush into the channel of the river • 1 
such a wave is called a bore, and is well seen in the Brisl"' I 
,_at_ the mouth of th e Severn, where at cen»"' ■ 





seasons the head of water attains to as great a lieiglit as 
forty feet. 

In the estuary of a tiilal river, the tide periodically agitates 
the water; and thus hinders deposition of sediment. The 
flow of the river seawards is, however, checked every time 
the tide comes in, and sediment is then deposited ; hence, 
Aars, or hanks of sand, are common at the mouths of rivers ; 
^nd, even in the estuary of the Thames, the shifting shoals 
i ndicate simiiar depositions. But, it has been shown in a 
former chapter, that the ebb-tide, by scouring out the 
^stuar)-, prevents the formation of a true deha. The posi- 
tion of the principal sands in the estuary of the Thames 
between the Nore and Margate, is sliown in Fig. 48, whicli 
is reduced from a part of the Admiralty chart. 

The sediment which the tidal water carries away from 
the mouth of a river at one part of the coast may be 
<ieposited at another point, and thus the sea may become 
a constructive agent charged with the formation of new 
land. Usually, however, the suspended matter swept away 
fcy the ebb-tide is carried out to sea, where it may be caught 
tip by currents and thus drifted to a great distance. Hence 
s and currents assist greatly in distributing the solid 
Itatter derived from the waste of the land. 



i Putting together what has been said in this chapter with 

ttference to the action of the sea upon the land, it may be 

included that its work, on the whole, is a work of destruc- 

, yet not exactly hke that of rain and rivers. To 

;rve this difference, it must be borne in mind that marine 

Budation is not equally active at all depths of the sea. 

: waves, as explained above, indicate only superficial 

tation, and have no effect on deep water. Most of the 

I wrought by the sea is consequently confined 
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within narroiv limits, not extending deeper than a few 

hundred feet, and being for the most part restricted to the 

zone of coast between high and low water-maiks. At great 

depths, the abrasion by slow under-currents must be ex- 

^ttemely small, for dredgings have shown that, in deep seas, 

3 large fragments of rock to assist in the work 

^demolition i and, even if there were, the force of the 

t would probably be insufficient to move them. The 

: business of the sea is therefore confined to eating 

Hy the margin of the coast, and planing it down to 

Bepth of perhaps a hundred fathoms. If this action 

: on for a sufficient time, the entire coast would 

I nibbled away, and Britain reduced to a great plain 



■ the sea-leveL The comparatively smooth surface 
|lich would be formed in this manner has been called by 
tof. Ramsay a plain of marine denudation. Were such a 
ibmarine plain to be upheaved above the surface of the 
kter, it would immediately be attacked by rain, frost and 
feer atmospheric agents, and would eventually be chiselled, 
Kthese means, mto a variety of physical features. It is 
Bieved that old plains of marine denudation may yet be 
tected in certain districts. Thus, if Fig. 49 represents a 
aioii across a country where the highest points may be 
fenected by a plane, the edge of which is A B ; this plane 
{face, with a gentle slope seaward, probably coincides with 
Koriginal plain of marine denudation, or is at least parallel 
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to it, the present irregular surface of the count 
due to subaerial denudation. Denudation by the s* 
then from that effected by other agents, in that it 
produce an approximately level surface, while i 
denudation gives rise to superficial irregularities. 
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L the natural agents described in the last three chapters, 

Wever much they may differ among themselves, agree in 

—that they are, upon the whole, slow and certain agents 

tf destruction. Rain and river, frost and thaw, wind and 

—all work in the same direction, persistently attacking 

e solid land and sweeping away its superficial substance, 

pot that a particle of this substance is annihilated. Every 

en from the land is sooner or later carefully depo- 

d somewhere in the sea. But, still, this gradual transfer- 

e of matter, from land to water, must ultimately result 

li the lowering of the general level of the land to that of 

fte sea by the action of the rain and rivers; and, in the 

Bbsequent paring down of the plain, thus formed, to the 

which marine denudation becomes insensible. Jf, 

refore, no hindrance were offered to the action of these 

inly would a time come when every foot of the 

Sritish Isles would be buried beneath the sea ; but, inasmuch 

h the volume of the sea is very much greater than that of 

e land which rises above the sea-level, if sufficient time 

e granted, all the dry land in the world would ultimately 

isappear beneath one universal sheet of water. 
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It is not difficult, however, to detect in the operations of 
nature, counterbalancing forces which are capable of upheav- 
ing the deposits that have been fonned on the sea-bottom, 
and of piling up fresh stores of solid matter upon the surface 
of the earth. Among these elevatory, and therefore repara- 
tive, agents, the most important place must be assigned 
to those which give rise to earthquakes and volcanoes. 
After the occurrence of an earthquake, it is by no means 
uncominon to find that the level of the land has been shifted. 
Sometimes, it is true, the surface is depressed, but more 
commonly the movement is in the du-ection of elevation. 

i'crhaps the best recorded example of such upheaval is 
that nhich was observed by Admiral Fitzroy and Mr. 
Darwin when examining the western coast of South America, 
This region is peculiarly subject to subterranean distur- 
bances, and in 1835 a violent earthquake, which destroyed 
several towns, was felt along the coast of Chile, extending 
from Copiapo to Chiloe. It was found, after the shock, 
that the land in the Bay of Concepcion had been elevated 
to the extent of four or five feet. At an island called Santa 
Maria, about twenty-five miles south-west of Concepcion, the 
upheaval was easily measured, vertically, on the steep cliffs ; 
and the measurements showed that the south-western part 
of the island was raised eight feet, while the northern end 
was lifted more than ten feet high, Beds of dead musseb 
were, in fact, hoisted ten feet above high-water mark; and 
an extensive rocky flat, previously covered by the sea, was 
exposed as dry land. In like manner, the bottom of the 
surrounding sea must have been elevated, for soundings all 
round the island became shallower by about nine feet It 
is true, there was a partial subsidence shortly afterwards, but 
this was far from sufficient to neutralize the upheaval, and 
the net result showed a permanent elevation. It is considered 
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^Bptobable, that the greater part of the South American coast 
^ Itas been raised several hundred feet by a succession of such 
small upheavals. 

When an area is thus raised, the addition suddenly made 

to the mass of dry land may be very considerable, and will 

compensate for the effects of denudation continued through a 

long period. It was calculated, for example, by Sir C. Lyell, 

thatjduring an earthquake whicli occurred in Chile in iSaa.a 

mass of rock more than equal in weight to a hundred thousand 

of ihe great pyramids of Egypt was added to the South- 

l - American continent. If a single convulsion of this kind can 

^L thus raise such an amount ofsolid land frombeneath thewaters, 

^Hil is obvious that these movements must be of great service 

^^ia renovating the surface of ihe eartli, and in bringing new 

~ material within reach of the ever-active agents of denudation. 

It IB proper to remark, that an earth quake- wave is a vibration 

of the solid crust of the earth, which may, and constantly does, 

occur, without giving rise to any permanent change in its 

form. Nevertheless, the wave is often accompanied by 

movements of elevation, or of depression, which produce 

H^'permaneDt alterations of level of considerable magnitude. 

^Bf Ad earthquake is juat such a disturbance of the ground as 

^HKould result from a sudden shock, or blow, given upwards in 

* the interior of the eanh, from which, as from a centre, waves 

or tremors may be propagated in all directions through the 

Solid ground. In many cases, the shock is preceded or 

accompanied by a rumbling noise, hlce that of distant 

thunder, or by other sounds produced by the subterranean 

disturbance. The earthquake- wave, as it travels along, 

causes the ground to rise and fall, and frequently produces 

irregular fissures, which may close again and thus bury 

whatever has been engulfed, or may remain open as yawning 

chasms, and thus modify the drainage of the country. The 



impulse may be transmitted through the earth to an enor- 
mous distance; the great earthquake which destroyed 
Lisbon in 1755, having made itself felt, directly or indirectly, 
on the waters of Loch Lomond in Scotland. If the centre 
of disturbance is near the sea, the water is affected even ' 
more than the land, and the water-waves may be far more 
destructive than the earth-waves. News has recently reached 
this country of the terrible devastation wrought by the great 
tidal wave which followed the earthquake at Lima, Arica, 
Iquique and other points of the coast of South America 
in May, 1877, 

A good deal 01 attention has been paid by Mr. R. Mallet 
to the study of earthquake phenomena, or Seismology,^ and ■ 
he is led to conclude that the origin of the disturbance is 
usually not deep-seated in the interior of the earth, probably 
never exceeding a depth of thirty raites ; while in many 
cases, it is certainly much less. Thus he ascertained that 
the great Neapolitan shock of 1857 had its origin at a 
depth of only eight or nine miles beneath the surface. Dr. 
Oldham has since found that a great earthquake at Cachar, 
in India, in 1869, had its focus, or centre of impulse, at a 
depth of about thirty miles. 

Although earth quake- shocks are happily of rare occur- 
rence in this country, it must be remembered that, in many 
parts of the world, they are by no means rare phenomena; 
and, probably, it is not overstating the case to say that earth- 
quake shocks occur, on an average, about three times a 
week. During the year 1876, for example, no fewer than 
104 earthquakes are recorded in Professor Fuchs's Annual 
Report; and, in the preceding year, as many as 100 days 
were marked by the occurrence of shocks. But, in addition 
to these, there are no doubt many slight disturbances, in 
^ Stismohg}', fiom fffio/iit, sHsmm, a shock or earlhqiiakt , ^ 
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unfrequented districts, which are never recorded in such 
Treports. The total effect produced by the causes of such 
disturbances must consequently be far from insignificant, 
even in the course of a single year. 

Subterranean disturbances which comraence merely with 

quakings of the ground often tertninate with the forcible 

ejection of heated matter from the interior of the earth. 

A rent may be produced at some weak jjoint, and this crack 

then serves for [he passage of large volumes of steam and 

other vapours, with showers of red-hot ashes, accompanied 

or followed by streams of molten rock. The solid materials 

are shot forth into the air, and fall in sliowers around the 

mouth of the orifice ; where they form, by their accumulation, 

I a cone-shaped mound or hill. Such a hill is called a volcano^ 

^m or popularly a " burning mountain." It must be borne in 

^Houind, however, that it does not " burn," in the sense in 

^Hiwhich a fire burns, but it merely offers a channel through 

^^ which heated matter is erupted from below. It differs again 

from an ordinary mountain, in that it is simply a heap of 

loose materials and melted matter, which has been piled up, 

layer after layer, around a hole leading down to the mterior 

b of the earth. Hence, if a volcano were cut through, it would 

Bprobably present a section something like that shown in 

Mfig. 50. Here a channel, a, has been opened through 

rata, b, b, originally horizontal, and the ejected matter has 

n all round the orifice in conical layers, each forming a 

lantle thrown irregularly over the preceding layer, and 

loping in all directions awaj' from the centra! chimney. 

At the mouth of the volcanic pipe, tijere is usually a 

mel-shaped opening known as ihe crater. Fragmentary 

materials falling back into this cup, or rolling in from the 

sides, form layers which slope towards the vent and there 

• Velcata, Italiin vulcann, from Vulcan, Ihe Roman god of fire. 
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fore in the opposile direction to the dip of tht volcanic beds 
which make up the mass of the mound. A section of a 
cone of loose cindery materials is given in Fig. 51, and 
shows the difference of dip just refeired to. The molten 
matter which wells up the throat of a volcano, cements the 
loose ashes and cinders into a compact mass, where it conies 
in contact with them, and thus forms a. hard stony tuhe 
lining the volcanic ch'mney. 







At the beginning of an eruption, clouds of steam are 
copiously belched forth, showing that water has it:; part to 
play even in these fiery phenomena. The steam generally 
issues spasmodically, each puff giving rise to clouds which 
shont up to a great height, and are either dissipated or con- 
densed in torrents of rain. Associated with the steam are 
various gaseous exhalations, most of which, however, are not 
combustible. Hence, the appearance of a column of flame, 
often said to be seen issuing from a volcano, must generally 
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be an illusion, due to illumination of the vapours, partly by 
the sparks and red-hot stones and ashes shot out at the 
time, and partly, by reflection from the glowing walls 
the pipe and from the surface of the molten matter 
below. In the early stages of an eruption, huge fragments 
of rock may be ejected ; for when, after a period of repose, 
the pent-up steam and gases at last gain vent, they violently 
eject tlie materials which have accumulateii in the throat of 
the chimney, and choked its opening. Masses of rock, some 
as much as nine feet in diameter, are said to have been cast 
foTthfrora the great volcano Cotopaxi, in Quito, during ihe 




eruption of 1553 and to have been hurled to a distance of 
more than fifteen miles from the mountain 

During an eruption ashes are commonly ejected in great 
quanticj-, but it must be borne m mind that the materials 
so-called are very different from the partially burnt fuel of 
the domestic hearth Volcanic ashes are in fact, nothing 
but fragments of kva or pirtiallv fused rocky matter. When 
jets of this lava are shot forth from the volcano, the liquid is 
broken up by the air and so splaslied about that it falls in 
drops, which harden into small spongy fragments, resembUng 
ashes and cinders. In some cases, the lava is broken into 
■uch fine particles that it is known as vnUank dust or sand ; 
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dense showers of such dust have been known lo darken the 
sky for miles around the volcano, and have been wafted 
by winds for even hundreds of miles. It is an interesting 
fact, shown by the examination of the sea-bottom by the 
Challmger, that volcanic detritus is almost universal I7 
distributed over the floor of the deep sea. 

When the steam, which is abundant in most eruptions, 
condenses in torrents of rain, the volcanic dust is frequently 
worked up into a hot mud which rolls down the hill in j 
sluggish stream, burying everything before it. Herculaneum 
was sealed up by a crust of volcanic mud dischai^ed from 
Vesuvius; while Pompeii was overwhelmed by a vast 
accumulation of dust and ashes during the same eruption. 

The parti ally- molten rock called lava rises up in the 
volcanic pipe, and may eventually run over the lip of the 
crater, or force its way through cracks in the hill, forming 
red-hot streams which generally present a consistence some- 
thing like that of treacle. These lava-torrents are often of 
great magnitude ; thus, it was estimated that in the famous 
eruption of Skaptiir Jokul, in Iceland, in 1783, the mas; 
lava brought up from subterranean regions was equal to 
bulk of Mont Blanc. The lava rapidly cools on the surface, 
though long retaining its heat beneath the protecting crust ; 
and, ultimately, the entire mass solidifies, forming a hard 
rock, more or less like a slag from an iron-furnace. In 
different specimens, however, the lava exhibits great va 
tions ; some being dark-coloured and comparatively heavy, 
while others are lighter in colour and much less dense; 
some cases the rock is compact, while in others it is spongy 
or cindery, when it is said to be scoriaceous. The little 
cavities, or vesicles, in this scoria^ or cellular lava, are 
formed by the disengagement of bubbles of gas or vapour, 
' &:gi-ia, volcanic cinder, from Lat "oria. "drois." 
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yrhen the matter is in a pasty condition ; just as the porous 
texture of a piece of bread is due to the presence of 
bubbles of gas evolved by the fermentation of the yeast. 
The stone largely used for scouring paint under the name ot 
pumia^ is a lava of very porous texture ; its name recalling 
its origin as the froth or scum of lava. Sometimes, the 
masses of lava, which are tossed into the air, are rotated 
during their flight, and fall as more or less rounded bodies, 
known as volcanic hombs. Occasionally a very liquid lava may 
becaughtbythe wind, and drawn out into delicate fibres, like 
spun glass ; this beautiful form is very abundant at Kilauea, 
a volcano in Hawaii, one of the Sandwich islands, where it 
is known as Pelt's hair, its name being borrowed from that 
of an old goddess who was supposed to reside in the crater. 
Other lavas again are vitreous, and strongly resemble dark- 
coloured bottle-glass, wlien they pass under the name of 
obsidian. This kind of lava was largely used by tlie ancient 
Mexicans for making rude knives and other cutting instru- 
ments ; and a hill in northern Mexico, formerly worked for 
this material, is still known as the Cerro de Navajas (Spanish 
" Hill of Knives.") 

It often happens that the lava which wells up in the pipe 
of a volcano, breaks by its sheer weight through the rim of 
the crater, or even breaches one side of the conical hill. 
Thus Fig. 5^ represents a group of small extinct volcanoes 
in Central France, showing cones which have been broken 
through in this way. In some cases the flanks of the cones 
are rent, and lava is then injected into the cracks, forming, 
when cold, huge rocky ribs known as dykes. In other cases, 
the chimney gets choked by a plug of hard lava, and new 
vents may then be opened on the side of the cone. Fig. 53 

' Pumicf, from ihe Lat. fumri, finiiiErl)' spumex, allied lo spuii:a, 
"frolli." 
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is an ideal section of a volcano, showing the dykes of lava 
running through the stratified deposits, and also showing 
two minor cones a b, thrown up at points wliere the vole 
matter has been able to force its way to the surface. Mount 




FtuT. IS rema kabic fur hiving its ilinks studded vMih para- 
s tic cones, some of which are of considerable size one 
being upwards of 900 feet m beigl t 

After A \olcano has long been s lent and the hrge crater 




has been more or less filled, lartly by ejected materials 
which had fallen back into the cavity during the last 
eruption, and partly by matter washed in by rain, renewal 
of activity through the old channel may give rise to the 
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formation of 3 new cone seated within the old crateral 
hoilow. Great changes may indeed be effected in the 
character of a volcano by successive eruptions, new cones 
being thrown up at one time, and old ones obliterated at 
another. Fig, 54, shows the summit of Vesuvius as it 
appeared in 17515, when there were no fewer than three 
separate cones, one within another, encirchng as many 
craters. But about ten yearB afterwards the summit pre- 
lented the fonn shown in Fig. SS' where a single cone ri 




from the floor of the great crater. The curious stages 
through which a volcano may pass are well illustrated by the 
story of Vesuvius. 

two thousand years ago, that mountain 

Primrose Hill is at the present day. It 

have !iad a very regular conical 

about a mile and a half broad. Yet its 

le to suspect that the mountain was a 

Wild vines were growing over the 



Rather less th; 
^as as peaceful 
seems from all 
shape, with a cr 
shape led hardly any 
ilumbering volcano. 
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sides of the crater, and it was in the natural fortress formed 
by this great amphitheatre that Spartacus the Thracian, with 
his little band of gladiators, took \ip his position at the 
beginning of the Servile War in the year 72 B.C. Earth- 
quakes, as already pointed out, are often the heralds of 
volcanic eruptions ; and the first notice which the old 
dwellers around Vesuvius received of its renewed activity 
was from a series of earthquakes wliich began, as far as we 
know, in a.d. 63, and continued intermittently for aboul 




Fig. Sy — SummJl rrf 



sixteen years. These disturbances culminated in the great , 
eruption of A.D. 79, which has been described in two let 
written by Pliny the Younger to Tacitus. The elder Pliny, 
the author of the famous Hisioria Naturalis, was, at that : 
lime, in command of the Roman fleet off Misenum. On the 
24th of August a cloud of unusual size and shape was s 
hailging over the mountain. It is described as having had 
the form of a huge pine-tree ; and similarly shaped masses ' 
of cloud usually accomp?Jiy the eruptions of Vesuvius. An 
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^H «Doraioiis column of steam, imingled with ashes and stones, 
^B sboots up from tlie crater to a height of a thousand or 
^P twelve hundred feet, where the clouds spread out in hori- 
H lontal masses, some miles m breadth, while tlie ashes and 
^P stonea fall down in showers. Attracted by so curious a 
sight, the elder Pliny went to Slabia;, about ten miles from 
Vesuvius, but his eagerness to witness the spectacle cost 
him his life. His nephew, who stayed at Misenum, de- 
scribes the scene — the showers of ashes, the ejection of" 
redhot stones, the movement of the land, the retreat of the 
sea, aiid other phenomena characteristic of the eruption of 
1 volcano attended by an earthquake. So vast were the 
quantities of ashes and other fragmentary matter ejected, 
either dry or mixed with water, that the unfortunate cities of 
Herculansum, Pompeii, and Stabias were buried beneath 
deposits, in some places, thirty feet in thickness. It is 
doubtful, however, whether any true lava was erupted on 

^lIlis occasion. From that date to the present day, Vesu- 
rius has been more or less active, though sometimes quiet 
jbr considerable intervals. During the great eruption just 
referred to, the south-western side of the original cone was 
destroyed, but the half which was then iefi has remained in 
existence up to the present time, and forms the semi-cir- 
cular hill known as Monte Somma. Fig. 56 is a view 
^Lof Vesuvius half encircled by the cliffs of this ancient 

^r When a volcano is situated near the coast — and by fer 

I the larger number of existing volcanoes are so situated — the 

ashes may be showered into the sea, or be borne thither by 

the wind, and may, in this way, get mixed with the detrital 

iilDatter which is spread over the sea-bottom. A curious series 

to 57 are taken, by rrof. Judd's permisEian, froia the lale 
t. Poolett Scrape's work on folcanoes. 



of deposits may thus Le produced consisting partly of 
materials worn away from il e land by tiie action of the 
water and p.irtlj of matter ejLLted from subterranean 




sources In some cases, volcanic outbreaks take place 
actu illy beneath Uie sea, and the matter thrown up becomes 
mixed imh the remains of shellfish and other marine 
organisms Submanne volcanoes occasionally give nse to 



new lajid, the erupted m uter being piled up m sufficienl 
(luantity to form an island nsing above the waters Thus, 
in the year 1831 an island, nhich Admiral Smyth named 
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Lbam Island (Fig. 57) appeared in the Mediterranean, 
letween Sicily and the coast of Africa, where there liad 
previously been more than too fathoms of water. The 
pile of volcanic matter forming tliis isle must have been 
upwards of 8oa feet high, for the highest part of tlie island 
was 200 feet above water ; while the cireu inference of the 
mass of land was nearly three miles. After it had stood 
above the waves for about three months, the island entirely 
disappeared. 

It is probably that a great deal of the force by whicii 
I volcanic products are brought to the surface is due to the 
^L conversion into steam of water which, in some way or other, 
^B'obta ins access to the deep-seated molten rocks; but, whether 
^Bftbis is the sole source of volcanic energy or not, is uncertain. 
^WJiumerous hypotheses have been advanced to explain the 
^H. source and origin of the molten matter itself. Some of 
^P -tiiese attempts at explanation refer the heat to chemical 
r ^ti some to mechanical causes ; while others assume that 
it is merely the residue of the heat which the earth origi- 
nally possessed, if, as seems likely, it existed at one time in 
state of fusion. Dismissing, however, these vexed ques- 
iioDS, it is sufficient to remark that some source of heat 
lnnquestionably does exist in the earth beneath our feet. 

thermometer be buried in the ground at a depth of 

ly a few inches below the surface, it is found to be 

fected by all superficial changes of temperature, and iis 

indications show that it is cool at night and warm in the 

day, cold in the winter and hot in the summer. But 

plunged deep into the ground, or placed in a deep cellar 

or cavern, these variations disappear, and one unifonn 

iperature is registered under all circumstances. What 

temperature is will depend principally on the climate o( 
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the locality, the constant temperature being nearly tlie mean 
temperature of the surface. 

On going still deeper, the heat is fount] to increase ; an(| 
at the bottom of a deep mine, it is generally so wa 
the miners are glad to discard most of their clothing, Al 
present, the deepest mine in this country is the Rosebtidgl 
Colliery, at Ince, near Wigan, which has reached a depth 
2,445 fsst- Experiments on the temperature at different 
depths, while sinking this pit, showed that the average 
increase is about i" Fahr.. for every fifty-four feet. In olhe^ 
sinkings, somewhat different results have been obtained, the. 
rate uf augmentation being affected by the character ol 
the rocks bored through and by the position which the 
strata occupy; whether, for example, they are inclined c 
horizontal. Thus at the Astley pit at Dunkenfield i 
Cheshire the rate was found to be i" for every seventy-seve 
feet, but this appears to be unusually slow. Perhaps it wi 
not be far wrong to assume that the average increase is j 
for every sixty feet : such at ieast is the rate which wa 
adopted a few years ago by the Royal Coal Commission i 
their calculations. 

Even the deep sinking at the Rosebridge Colliery is bt 
the veriest dent in the earth's surface compared with 4 
actual radius of the globe. It gives therefore but scuii 
information respecting the temperature of the deep-seated 
portions of the interior; but, assuming such a rate ol 
increase to continue, it is evident that at the depth of onlj 
a few miles the heat would be sufficient to fuse any known 
rock. It is true that the melting-point of a sohd body maf 
be greatly modified by pressure ; and it is obvious that, at 
great depths, the pressure must be prodigious. Nevertheless. 
the eruption of lava from volcanic vents sufficiently shows 
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that, whatever the general state of the earth's interior, there , 
must be at least local masses of molten rock, J 

Additional evidence of the existence of heat at great j 
depths is furnished by the temperature of the water yicldedl 
by certain springs. Some of the hot springs at Bath, &kA 
example, have a temperature of lao" F. Still hotter springM 
occur in many countries ; and, in volcanic districts, even thel^ 
boiling-point is occasionally reached. The most remarkable D 
of these hot springs are those known in Iceland as Geyseru 
Jets of boiling water with clouds of steam are intermittentlj 
thrown high into the air with great force and accompanied 
with loud explosions. The water generally holds silica inr 
solution, as mentioned on p. i ?4, and this siliceous matter, 
is deposited around the mouth of the hole as an incrustaiioa 
called siTiler. Although the Geysers of Iceland are bert 
known, similar springs are found in New Zealand, and aisc 
in the Rocky Mountains of North America. Fig. 58, reprej 
sents a geyser in the Yellowstone Park, described by Prol 
Hayden. No fewer than 10,000 hot springs, geysers, an( 
hot lakes are said to exist within the area of the Yellowstoirf 
Park. The geyser, here represented in action, throws jets o| 
hot water to a height of something like aoo feet. 

In some localities, hot water issuing from the ground \ 
mixed with earthy matter ; and streams of thick mud accuratj 
late round the openings, so as to form conical hills, knowi 
as salses, or mud volcanoes. Such eruptions of mud, varyinj 
considerably in consistency and in temperature, occur, fol 
example, in the Crimea and on the shores of the Caspian 
Sea. In other cases, hot vapours issue from cracks in thd 
ground, as at the Solfatara, near Naples, where the vapour) 
are charged with suljihur. A large industry has sprung 
in the Tuscan Maremma, by utilizing the hot vapours 
issue from smoking cracks, known as soffioni, and coni 
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panicles of boracic acid which are uae^ in the preparation 
of borax. 

Most of the phenomena just described, are probably to be 
regarded as, representing the lingering remains of volcanic 
activity. When a volcano has become extinct, the effects 
of subterranean heat in the locality may still manifest them- 
selves in a subdued form, in such phenomena as those of hot 
springs. Many volcanoes, however, which appear at the 
present day to be perfectly quiet, are merely dormant, and 
nay break forth with renewed activity at any raoment. The 
early history of Vesuvius, as abeady pointed out, shows 
lliat a volcano, after being silent for ages, may suddenly 
siart forth into fresh life. 

There are few better examples of an area in which volcanic 
action must have been rife on an enormous scale at a com- 
paratively recent time, than that furnished by the Auvergne 
and the neighbouring districts in Central France. There 
the traveller may see hundreds of volcanic cones, known 
locally as " puys," still preserving their characteristic shape, 
in spite of long e.vposure; there, too, are the streams of 
lava just as they Bov/ed from the craters, or burst through 
tlie sides of the cones (Fig. 52), whilst thick sheets of old 
lava and beds of ash are spread far and wide over the sur- 
rounding country. The district known as the Eifel, on the 
ifest bank of the Rhine, between Bonn and Andernach, 
offera equally striking examples of extinct volcanoes. 

Even in the British Isles, it is not difficult to trace the 
remains of ancient volcanic outbursts, although these are not 
so fresh and well-marked as those just mentioned. Sheets 
of lava are found in the north-eastern part of Ireland, esjJc- 
dally in the county of Antrim where the remarkable scenery 
of Ihe Giant's Causeway is due \o the fact that some of the 
old lava has split up into columns, not iltogether unlike 
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those into which a mass of starch splits durmg drying- 
Similar evidence of volcanic action may be found in Scotland, 
whilst in North Wales there are extensive remains of eruptive , 
rocks ; the stale of fiery activity which they indicate dates ■ 
back, however, to a very remote period of geological history, , 
Vet it must not for a moment be supposed that any volcanic 
product still exists, as a crater, amongst the volcanic hill 
Wales. So great indeed lias been the disturbance and de 
nudation of this part of the earth, that the old surface has - 
long ago been swept away, and its present shape bears litdfc^ 
or no relation to its form at the period of eruption. It i^t- 
true, for example, that the summit of Snowdon is formed a^" 
volcanic rocks, yet the mountaiuj in its present form, does 
not in any way represent an old volcanic cone. 

Without pursuing this subject further, enough has been 
said to prove that peaceful as our islands now are, they have 1 
again and again been the scene of violent volcanic disturb- J 
ances. Fire, indeed, has played as important a part asH 
\vater in the geological history of the Britisli Isles ; and iS 
is highly probable that, at a depth, which, as compared wittA 
the diameter of the earth, may be justly tenned insignificant, " 
even the peaceful valley of the Thames is underlaid by an 
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CHAPTER Xin. 



! MOVEMENTS OF THE LAND. 



Such movements of the land as those which accompanied 
the South American earthquakes, referred to in the lasL 
chapter (p. i86), must have been brought about by the com- 
paratively sudden action of subterranean forces. But the 
knd is subject not only to a rapid rise and fall of this kind, 
but also to local elevations and depressions so gradual as to 
escape ordinary observation. Special means, indeed, are, in 
most cases, needed to detect these sloiv changes of level, and 
to measure their estenL Yet it is probable that such gradual 
oscillations of the land are, in the long run, of far greater 
importance in the economy of nature ihan those abrupt 
movements which occur spasmodically. It will be shown 
in a subsequent chapter, that every foot of solid ground 
within the area of the Thames basin has, at some time or 
oilier, been buried beneath the sea ; and it is therefore clear 
that elevatory forces must have been at work to lift up the 
sea-bed and expose it as dry land. Nor has such move- 
ment been effected once only. Any one who seeks to read 
the history of the rocks in the basin of the Thames will 
be driven to conclude that the level of the land has changed 
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again and again, rising at one time and falling at anothd 
And probably, such changes have been effected, for the nun 
part, quietly rather than violently ; by slowly-acting forcS 
working through long periods of time rather than by sud<M 
disturbances. "j 

It would, perhaps, be difficult to point to any clearer prod 
of such gentle oscillations of level having taken place widiij 
the memory of man, than that afforded by some welI-know3 
ruins on the shore of the Bay of Naples. Although thi 
illustration has been used by Sir Charles Lyell and oihe 
writers, it is, nevertheless, well worth referring to again, sine; 
it shows most instructively the kind of evidence on whic- 
geologists rely in proof of the instability of the surfecc <! 
the land. S 

About the middle of the last century, the attention of sonn 
Italian antiquaries was attracted by three stone columna 
almost concealed by a growth of buslies behind a villa ver^ 
near to the sea shore, in the western part of Pozzuoli, a tow5 
seated on the Bay of Baije, about seven miles from Naples 
These columns were buried to a considerable height in ai 
accumulation of soil, the removal of which brought to ligh. 
the ruins of a magnificent building. A square floor, pave< 
with marble, and measuring seventy feet in the side, showed 
the magnitude of the central court. This area had originallj 
been coveredwitharoofsupported by forty-six noble columns, 
some wrought in granite and some in marble, still remaining 
more or less perfect It was assumed by the antiquaries ol 
the day, apparently on very slender grounds, that the buil^i 
ing had been a temple dedicated to Serapis, an Egyptiaa 
divinity, whose worship had been introduced into Rome; 
Just behind the building is a hot spring, from which water bad 
been carried, through a marble channel, to a number of small 
apartments built around the central court This has led to the 
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don that the building, instead of having been a temple 
)iter Serapis, was nothing more than a magnificent 
y establishment. Be that as it may, however, it is 
lient to refer to it for geological purposes under its 
lown name of the Temple of Serapis. To geologists 
erest centres in the three tall, columns by which the 
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Fic. 59.— Marble Column from Temple of Jupiter Serapis. 

ng was discovered, and which are the only pillars, out 
: original forty-six, still standing. Each column, though 
rds of forty feet high, has been carved out of a single block 
en marble. Fig. 59. Up to the height of about twelve feet 
the base, the colums are smooth \ but, above this level, 
pillar is marked by a band of deep pits, the band being 
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about eight feet in breadth. Each pit is a pear-shaped liole, 
and at the bottom of the hole, which is the widest part, there: 
may generally be found the two halves, or valves, of a shell 
not unlike that of the common mussel. Exactly the same 
kind, or species of shell-fish' as that represented in th» 
cavities of the marble, is found to-day living in the Medii 
terranean, where if may be seen boring its way into lime 
stone rocks, much in the same manner that the so-cal]e« 
" ship worm " bores into timber. There is no difficulty then, i i 
understanding that the perforations in the columns of th*: 
temple are the work of boring shell-fish. But it is clear th^ 
the columns, when attacked, must have been washed by l)r-. 
sea, for the shell-fish could not have lived in the holes wh^ 
left high and dry above water. The fact is thus establishes i 
that the part of the marble pillars bored by the shells miu 
have been immersed in the sea, long enough for the creatur- " 
to have drilled tlie multitude of holes which are now visibLM 
Here then is evidence of a considerable alteration in th^ 
relative level of land and water. It is obvious, howev^ 
that such an alteration of level may have been brou^~ 
about in one or other of two ways : cither the sea may ha '^ 
been raised, or the land may have been carried down. ^ 
first sight it appears much more likely that so mobile i 
thing as the sea has changed its level, than that the surface 
of the solid earth should have shifted its position. And y 
it needs scarcely a moment's consideration to show t 
any local alteration of sea-level cannot possibly have] 
occurred. For, supposing the surface of the sea to havn 
been raised so as to reach the zone of shell -burrows, tht 
water must then have been forced up into a great heap ; ^ 
directly this heap was formed, the particles at the top wouU 
press upon those below, and thus urge them down ! 

1 Litkodomus daitylns. 




sides uniil they reached the general level In fact, 
F fte freeJom of motion which the liquid molecules enjoy 
renders it impossible to produce anything like a hump of 
water, except temporarily. As soon as the surface of the 
liquid is raised at one point, it tends to fall down again 
until a common level is restored. Hence if the sea rose, 
and kept its high level around the bases of the columns, the 
rire could not have been confined to the Bay of Naples, but 
must have been pare of a general rise of the surface of the 
ocean, to the same extent, all over the world. The difficulty, 
iiowever, of finding a source for so va^t an amount o( 
additional water, as this general rise would imply, is 
alone an insuperable objection to this hypothesis. But 
geologists have abundant other reasons for the conclusion 
that, in such cases, it is the land and not the sea that has 
shifted its level. 

It appears then that the marks left by the boring shell- 
fish on the columns of the temple of Serapis, upwards of 
twelve feet above sea-level, prove that the land on which 
these pillars stand must, at one time, have been depressed 
to that extent, and afterwards elevated to its present posi- 
tion. But the temple teaches much more than this. About 
live feet beneath the present marble floor of the build- 
ing, there are the remains of another (ioor ; and it 
seems only fair to suppose that the upper pavement 
was constructed after the lower one, which belonged to 
some earlier building, had been carried down to an in- 
convenient level by subsidence of the land. Such sub- 
sidence has indeed been going on in this locality within 
ihe present century ; for, when the ruins were first un- 
earthed, the upper floor stood much higher than it stands 
at present. Careful observations) in the early part of this 
century, shov.'ed that the ground was sinking at the rate 




3IO PHYSIOGRAPHY. [chap. 

of about one inch in four years, and some observers have 
given even a more rapid rate. The niins stand close to 
the sea; and, as the pavement sank, the sea Bowed in, 
so that, it is said, in 1838, fish were daily caught within 
the temple, where, in 1807, there was not a drop of water , 
in ordinary weather. 

After what has been explained, it will be seen that the story 
of the temple may be interpreted somewhat as foliovra : — 
The present building was erected on the site of some older 
one. the floor of which had been carried down by sinking of 
the land. It may be fairly supposed that the pavement of~ 
the new building was at the sea-level, or thereabouts. In- 
scriptions found among the ruins prove that the temple was 
decorated by Septimius Severus and Alexander Severus, so 
thai the building must have been in use during the third 
century of our era. But, by subsidence below the sea-leve!, 
water entered the court ; and deposits of solid matter from 
this water were gradually thrown down around the base of 
the pillars, mingled, at times, with layers of volcanic ashes. 
Traces of some of these depoaits may still be seen adhering 
to the shafts, below the zone of borings (Fig. 59). As the 
lower parts of the pillars were buried beneath these accu- 
mulations, they were not attacked by the shell-fish which 
burrowed into the marble during the period of greatest 
depression. The depression was certainly gradual, but it is 
probable that the subsequent elevation may have been more 
rapid ; and it was, perhaps, partly efl"ected during a violent 
subterranean disturbance in 1538, when a mountain, still 
called Monle Nuovo, was thrown up not far from the 
temple. It is certain, however, that none of the move- 
ments which have affected the temple could have been 
sufficiently violent to overturn the columns that are still 
standing. 



Such appears to have been the succession of events 
registered by these ruins. It is true, the Bay of Naples is 
in a region peculiarly subject to volcanic disturbances, but 
the slow movements of the land are by no means confined 
to such districts. Few countries in the world perhaps have 
been more free from such disturbances than Scandinavia, Yet 
ilireet measurement has shown that the northern part of this 
peninsula is slowly rising, while the southern part, curiously 
enough, appears to be suffering depression. In such a case 
as this, where movements in opposite directions are simul- 
taneously going on, it is useless to think of attributing them 
to any movement of the sea. For a change of sea-level 
implies, as already pointed out, a general change, whether 
of rise or fall ; and it is therefore absurd to assume a 
rise in one place and a fall in another, at the same 
time. 

In the British Isles, there is no lack of evidence to show 
Ihat the level of the land has been frequently disturbed, 
Ihougli the oscillations within the memory of man are hardly 
so v^ell marked as in the cases previously cited. Visitors 
to certain parts of the coast of Britain may note a terrace of 
sand and gravel, mixed perhaps with sea-shells, and having 
all the appearance of a deserted beach, which fringes the 
shore at a height far beyond reach of the highest tides. Such 
accumulations must have been formed along a line of shore, 
and afterwards elevated to their present position, whence 
they are termed raiicd beaches. A raised beach is therefore 
an imles of elevation of the land. And it appears that this 
elevation must have been effected, in part at least, since the 
country was inhabited. For the upraised deposits of silt 
which skirt the estuary of the Clyde have yielded relics of 
human workmanship, such as rude canoes, that were origin- 
ally buried in the mud and sand of the old esluaiy, 
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though they are now found several feet above high-water 

Evidence of ihe depression of land in Britain is just as 
conclusive as that of elevation. It is sometimes possible to 
see, at low tide, in the estuary of the Thames, the remains 
t forest, with the stools or stumps of the trees still 
rooted in the oid soil, now submerged to a depth of perhaps 
twenty or thirty feet below high-water. The relics of this 
ancient forest show that it must have supported a rich growth 
of yew, pine, oak, alder, and other trees. Now, as these trees 
do not grow in water, it is evident that the land on which 
they fiourished has been depressed. In some places, the 
remains of the old land-surface have been buried, to a depth 
of several feet, beneath alluvia! deposits which have been 
thrown down by the river. When the marshy land on the 
coasts of Kent and Essex, bounding the estuary of the 
Thames, is cut through, the sections frequently expose the 
ancient peaty soil, rich in vegetable remains. This was the 
cise, for example, during the progress of the Main Drainage 
Works, when deep trenches were cut through the marshes 
below Woolwich. It is not, however, only at the mouth of 
the Thames that such evidence of subsidence is to be 
found ; for similar submerged forests may be seen at low 
water at many points of the British coast, especially in 
Devonshire, Cornwall, and Wales. 

Raised beaclics and submarine forests afford as good 
evidence of the rise and fall of the land as any to be got 
from the Temple of Serapis. But they are not the only 
evidence which the geologist can cite, to prove that the 
surface oi the British Isles has suffered frequent changes ot 
level. Nor arc they by any means the strongest Indeed 
their value lies chiefly in the fact tiiat the movements which 
they register are of comparatively recent date. That there 
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have been variations of level to a much greater extent, at 
more remote periods, is abmiriantly testified by the strata in 
almost any part of the country. London, for example, is 
seated on clay, which, as already pointed out, must have been 
deposited under water, in the state of mud. But as this 
ciay contains, in many pans, the remains of marine shell- 
fish, such as the nautilus, there can be no doubt that the 
mud in such places must have been originally tlirown down 
out at sea. The clays, sands, and other deposits below the 
London clay, already referred to under the name of the Lower 
London Tertiaries (p. 32), have been formed, some in salt and 
others in brackish water, as is testified by the character of the 
shells which they contain. As to the chalk, which lies in a 
mass of vast thickness immediately beneath these deposits, 
it will be shown, in a subsequent chapter, that it abounds 
with the remains of creatures which once lived in the depths 
of the sea. If, then, these rocks are, in great measure, 
nothing but old sea-bottoms, it is clear that great upward 
movement must have taken place to raise them into their 
present situation. 

But this is not all. The rocks have not only been up- 
lifted, but in many cases have been subjected to some dis- 
turbing action by which they have been more or less contorted. 
The section in Fig. 11, p. 31, shows that the strata beneath 
London lie in a gentle hollow, purposely exaggerated in the 
diagram, but still sufficiently marked in nature to suggest the 
name of "London Basin." Supposing they had been ori- 
ginally deposited in a depression of the sea-bottom, the 
layers would have been thrown down almost horizontally, as 
in Fig. 6o; and not in curved layers of equal thickness as in 
Fig. 61, such as are really found in nature. The present 
position of these rocks is therefore e.'iplained hy supposing 
that the strata were originally horizontal and have been 
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thrown into a basiii-Hke shape since their formation, 
disturbance to which they liave been subjected is yet more 
strikingly seen if a section be taken across, not only this 
basin, but across another area of similar character, known 
as the Hampshire basin. Fig. 62 is a section irom Abingdon 
in Berkshire, through Hampshire and across the Solent to 
the Isle of Wight ; the vertical scale being about twenty 
tiroes greater than the horizontal scale. Here the strata, 
originally almost horizontal, have been thrown into a succes- 
sion of gende undulations, rising to a crest in one locality 
and falling to a trough at another. There can be little doubt 
that the Eocene rocks, including the London clay, once 
spread over the whole surface of this chalk, but have since 
been removed from the high ground by denudation, leaving 




isolated tracts separated by intervening patches of bare 
chalk. In the Isle of Wight, the beds have been so greatly 
disturbed that the chalk strata stand almost on end, as is well 
shown by the bands of black flints which run in almost 
vertical Unes. Incidentally it may be remarked that when 
strata lie in this shape •~^ they are said to form a iyiidinal^ 
and when in this form -^ an anticlinal? The strata in the 
south-eastern part of England have been but little dis- 
turbed ; but, among the old rocks of Wales and other parts 
L Britain, it is not uncommon to find the beds 
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to the ocean, and back again from the ocean to the r 
the form of rain. In like manner, the solid land i 
stantly being carried, piece by piece, into the sea. Here 
most of it is spread out upon the ocean floor, forming de- 
posits which will some day be raised as dry land ; and will 
then be once more attacked by the water, as soon as it rises 
above sea-level. The solid earth is, therefore, subject to a 
cycle of changes not less complete than that exhibited by ' 
the circulation of the waters. 



CHAPTER XIV. 



LIVING MATTER AND THE EFFECTS OF ITS At:TIVIl'Y ON 
THE DISTRIBUTION OF TERRESTRIAL SOLIDS, FLUIDS, 
AND GASES — DEPOSITS FORMED BY THE REMAINS OF 
PLANTS, 

[ It has been seen that the fresh and salt waters whicli run 

■ upon, and beat against, the land, are constantly engaged in 

5 the materials of which that land is composed 

m higher to lower levels. A comparatively insignificant 

action of these materials remains in the lakes, which lie in 

e course of some rivers ; but, by far the greater part, 

T or later, reaches the sea, 

I The solid deposits which thus accumulate on the sea- 

Mlom are never exactly equal to the waste of the land, but 

Me always of less, and frequently of much less, mass. For 

all the chief constituents of the land are more or less soluble 

in water j and hence, a larger or smaller proportion of the 

products of denudation reach the sea in a state of solution, 

and are diffused through the ocean, as the sugar in a drop of 

syrup would be diffused through a pail of water. Notably, 

^dissolved carbonate of lime and silica are thus being con- 

faily poured into the sea. 

ESnpposine that no influences were at work upon the e.irth's 
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crust, except those of rain and rivets, and of the sea ; then, 
as has been pointed out in Chap. XI., the ultimate result of 
their aciion would be the reduction of the solid land to a 
submarine plain. The waters covering this plain would be 
more or less completely saturated with the soluble materials 
extracted from the denuded rocks. Denudation, therefore, 
on the ivhole, not only diminishes the quantity of dry land, 
but also lessens the proportion of the solid to the fluid 
constituents of the globe. 

The tendency of the forces of upheaval is in the opposite 
direction. The fused rocks in the depths of the earth, 
which are vomited forth by volcanoes, are forced to the 
surface as liquids, and then take on the solid form. There 
is a transference of matter from lower to higher levels, 
accompanied by an increase of the solid at ihe expense of 
the fluid constituents of the globe. Whether the proportion 
of dry land is, or is not, increased by volcanic action depends 
upon the locality of the vent, and the amount of matter 
thrown out from it. If the vent opens on dry land, the 
erupted matters will necessarily increase the mass of dry 
land ; while, if it break out beneath the sea, they may reach 
the surface, or not, according to iheir mass and the form ' 
which they assume. 

Supposing that no agents were at work upon the earth's 
crust except volcanoes (with concomitant movements of ele- 
vation and depression), the quantity of water in the ocean 
would remain substantially unaltered ; but the proportion of 
the surface of the earth occupied by dry land to the area 
covered by water might be almost indefinitely increased or 
diminished. It is conceivable, for example, that the whole 
ocean, which, at present, occupies about three-fifths of the 
surface of the earth, might come to be contained in a few 
very deep lakes ; in consequence of the deepening of the 
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existing sea-vaileys, and the elevation of the iniermediate 
land areas. Or tlie coiiirary result might be brought 
about, by the depression of the existing land areas, and 
the raising of the sea-bottom by matter ejected from 
submarine volcanoes. 

Thus, so far as the mere transference of the matter of the 
crust of the globe is concerned, the tendency of volcanic 
action and of tlic clevatory forces is, on the whole, to com- 
pensate for denudation and depression ; and, it is con- 
ceivable, that the two processes should go on, for any 
assignable time, in such a manner thai the proportion of 
land above the sea level to that below it should remain 
unchanged. But, in the operations of nature hitherto dealt 
with there is nothing to compensate for the gradual con- 
version of solids into liquids by denudation ; nor for such 
out-pouring of gases into the atmosphere as occasionally, 
if not always, accompanies volcanic action. 

Nevertheless, an agent, by which some of the gaseous 
and liquid constituents of the earth are, temporarily or 
permanently, reduced to the state of solids, is at work upon 
a prodigious scale. This agent is wliat is termed living 
matter ; or, less accurately, organic matter} 

The surface of the valley of the Thames is covered with 
prodigious multitudes, and seeming endless varieties, of 
the forms of this Uving matter, some of which we call 
plants, and others animals. But, notwithstanding their 
obvious differences, there are so many deep-seated points 
of agreement among the diversified forms of life that any 
plant or any animal will serve to illustrate the essential 

' Less accurately, becau.^e all forms of living cialter csnnit lie 
strictly said to be or^nised. An organ is a part of a living body, the 
■tiuctUTB of vrhicb fit^i it for the performance of some special action, 
wbich is called 'V^ function. The lowest forms of life possess no parts 
10 which the term organ can be applied in Ihii pense. 
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characters of all plants and of all animals. Every one has 
seen a field of peas, thronged with pigeons. The peas will 
serve very well as examples of plants, and the pigeons ss 
types of animals. 

The pea that may be extracted from a ripe peascod is a 
liTingbody, in which, however, the vita! activities are, for the 
time, almost quiescent. Within the thin skin which envelops 
the pea, there is inclosed a perfect, though embryonic plant, 
composed of a minute stem with its root and leaves; of 
which last, two, the cotyledons or seed-Uaves, are so large and 
solid that they make up the chief mass of the infant pea- 
plant. 

Subjected to chemical analysis, the embryo plant yields 
certain complex bodies, composed chiefly of carbon, hydro- 
gen, oxygen, and nitrogen, which are known as protein com- 
pounds.' Besides these it contains fatty matters ; woody 
substance (cellulose), sugar, and starch ; various salts 
potash, lime, iron, and other mineral matters, including s 
considerable proportion of water. 

Examined with the naked eye, the soft substance of the 
young plant appears to be almost homogeneous ; the appli 
cation of the microscope, however, shows that it is far from 
being really so ; but that, on the contrary, it has a very 
definite and regular structure. A delicate woody framework, 
or skeleton, is excavated by innumerable small cavities, each 
of which is filled by a semifluid matter, termed protoplasm^ 
just as the honey fills the waxen cells of a honeycomb- 
Each mass of protoplasm, with its investing wooden wall, ia 
technically termed a sell; and, inasmuch as part of the proto- 
plasm is distinguishable from the rest as a rounded nucleus, 

' Protein, from irpaTfim, firotaio, to bnTe the first place. 

' Froloplasm, from Tpwros, prates, first ; and TAiiffjia, ^la;ma, fonn** 
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it is called a nucleated ceil. The protoplasm contains the 
protein compounds, and the larger proportion of the saline 
and watery constituents of the plant. The cell-wall is mainly 
cellulose and water. Saccharine and fatty matters probably 
exist, diffused through the protoplasm, in all the cells; starch, 
in the form of granules, is to be found in most. 

The embryonic pea-plant, then, is no simple homogeneous 
mass, but is an aggref;ate, made up of a multitude of distinct 
nucleated cells, each of whicli is essentially composed of a 
protoplasmic body invested by a cell-wall. The fact that 
this cell-aggregate is alive, does not become manifest until 
the pea is exposed to certain conditions. But, every one 
knows, that if a pea is planted in the ground in moist and 
warm weather, it shortly bursts its coat The seed-leaves 
enlarge and come to the surface; while the rootlet grows 
into the soil. The stem shoots up; its minute and colourless 
leaves rapidly enlarge and become green ; new leaves are 
developed; and, by degrees, a tall plant rises above the 
ground, the bulk and weight of which soon become many 
thousand times greater than those of the embryo. Then the 
plant blossoms, and in the centre of each flower is found a 
hollow organ, the pslil. From the walls of this, small 
bodies termed the ovules grow out, and each ovule contains 
a microscopic nucleated cell — the anbryo cell. In the fer- 
tilised ovules, the embryo cell divides and subdivides, each 
new cell growing until it becomes as large as, or larger than, 
that from which it proceeded ; and, thus, by degrees, the 
single cell is converted into a cell-aggregate, which assumes 
the shape of the embryo plant. This, inclosed in the dis- 
tended envelope furnished by the ovule, is the pea — while 
Ihe enlarged pistil becomes the peascod. 

Thus, the plant under consideration goes through a series 
of changes, the starting-point of which is the simple nucleated 
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within the ovule, while its 
V embryo cells, every one 



cell (the embryo cell) contained 
conclusion is the production of ne 
of which may become competent 
Each term of the series is a stage of what is called the de- 
velopment of the plant ; and, if successive stages of this 
development are compared, it wiU be found that the plant 
becomes more complex the further its development ad- 
vances. The embryo plant, in the pea, is a more complex 
structure than the embryo cell in the ovule ; the blossoming 
plant is more complex than the young plant before flowering; 
and this increase of complexity is true, not only of the^ 
outwardly visible parts, but of the inward structure, of the 
growing plant. Nevertheless, it is to be observed, thai 
the full-grown plant is as much an aggregate of nucleated 
cells, more or less modified, as is the embryo ; and every 
change in the form and size of the growing plant is, simply, 
the expression of the mode of growth and multiplication 
of the individual cells of which the body of the plant is 

The process of evolution, from an extremely simple to a 
highly complex condition, thus exemplified by the pea-plant, 
is characteristic of living matter. For, although there is a 
superficial similarity between the growth of a plant and the 
tree-like form which some bodies assume in the act of crys- 
tallisation, 23 is well exemplified by the hoar-frost on a 
window-pane; yet, a very slight examination shows that the 
two processes are, in reality, altogether different. When an 
individual crystal grows, the new matter is added upon its 
exterior; and when crystalhne bodies assume an arborescent 
form, the first crystal that is deposited does not grow into 
the crystal tree, but neiv crystals are added to the outside of 
the first, in such a manner, that the compound msss has 
» tree-lik e shape. But, when the embryo-cell grows, tht 
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addition of matter takes place within its own substance, 
just as a piece of jelly swells by taking in water. And the 
primitively single cell becomes a cell- aggregate, not by 
attachment of strange cells, from without, to that which 
first existed ; but, by the growth and division of the primi- 
tive cell ; and the repetition of the processes of growth 
and division in the successive generations of new cells thus 
produced. 

There is another very striking difference between the 
growth of such not-living bodies as may be said to grow, 
and living growth. A crystal can grow, only if the materials 
of which it is composed exist, as such, in the liquid which 
surrounds it. A crystal of salt can grow only in a .solution 
of salt ; and a. crystal of sulphate of soda, in a solution of 
sulphate of soda. 

It is quite otherwise with a plant A single pea may not 
only develop into a large pea-plant, but may ultimately 
give rise to a multitude of peas as targe as itself. In other 
words, the pea, in the course of its development, accu- 
mulates within it.self many thousand timts the quantity of 
protein compounds, of cellulose, of starch, of sugar, of fat, 
and of water and mineral salts, which it primitively containeii. 
Nevertheless, of all these bodies, it is certain that none but 
the water and the mineral salts exist, as such, either in the 
air or in the soil. In fact, strange as it may seem, the soil 
is a superfluity. A pea will grow into a perfect plant and 
produce its crop of peas, if it is supplied with water contain- 
ing nitrate of ammonia and the phosphates, sulphates, and 
chlorides of potassium, calcium, iron, and the like, which it 
needs, and is freely exposed to the air and to sunshine. Under 
such conditions as these, it is obvious that the full-grown plant 
must he almost entirely composed of fluids and gases which 
have been transmuted into solid matters ; and that it has 
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manufactured the multifarious, and often highly complex 
chemical compounds, of which its body is composed, 
out of the comparatively simple raw mateiiats supplied 

In tlie case supposed, the fluid with which the pea is 
supplied contains only hydrogen, oxygen, nitrogen, phos- 
phorus, sulijhur, and certain metallic bases; but another 
element, carbon, enters, largely, into every one of the manu 
factured articles which are to be found in the full-grown 
plant. The presence of this carbon, and its great relaliva 
amount, may be made manifest enougli if the plant is strongly 
heated in a closed vessel, when the carbon remains, as a. 
conspicuous mass of charcoal. Whence is this cartion de- 
rived? Under the conditions defined, the only possible 
source of supply is the carbonic acid diffused through the 
atmosphere ; which, though it forms so small a percentage of 
the air, yet amounts to an enormous absolute quantity (p. 84). 
In fact, it is known tliat, under the influence of sunlight, a 
green plant decomposes carbonic acid into its elements ; 
and, setting free the oxygen, builds up the carbon, together 
with the nitrogen, hydrogen, and oxygen, and mineral matters 
derived from other sources, into the complex compounds of 
its own living substance. 

, Thus the green plant transmutes the fluid and gaseous 
matters, which it draws from the soil and from the atmos- 
phere, into the solid materials of its own body ; and thus, to 
a certain extent, reclaims the solids lost by aqueous solution 
and igneous decomposition. Under ordinary circumstances, 
the restoration of solid matter to the earth, thus effected by 
plant-iife, is only temporary. Even during life, the activity 
of the green plant, like all vital activity, is accompanied by 
the slow oxidation and destruction of its protoplasmic matter; 
and one of the products of this oxidation, carbonic acid. 
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is returned to the atmosphere. After death, the process of 
decay is accompanied by slow oxidation. The carbon 
goes off chiefly in the form of gaseous carbonic acid ; the 
nitrogen, in the shape of aramoniacal salts ; and the mineral 
silts are dissolved away by rain and carried to the general 
store of the waters. But if, by the overflow of a river, the 
plant should become silted up in mud, or carried away 
by floods and buried in the sea-bottom, the process of 
decay may be so slow and so imperfect, that its carbonized 
remains, often infiltrated with mineral matter, may be 
preserved as a "fossii,"^ when the mud is hardened 
into a stone, and thtis permanendy contribute to the 
solid land. 

So much for the plant ; let us now turn to the animal. The 
laid egg of a pigeon answers to the ripe pea. Within tlie 
shell, and suspended in the white of the egg, is the rounded 
fellow mass of the yolk, and on one side of the yolk is a 
small round patch — the cUalriaiia? Though apparently 
homogeneous, the microscope shows that the cicatricula is 
made up of minute nucleated cells ; and this cell-aggregate 
is an embryo pigeon, just in the same sense as the little 
plant within the coat of the pea is an embryo pea-plant ; 
though it is far less like a pigeon than the latter is like a 
pea-plant. 

The embryo pigeon, like the embryo plant, contains pro- 

tdn compounds, fats, mineral salts and water. The yolk 

in which it lies is composed of similar materials ; but neither 

starch nor ceHiilose enters into its composition. 

The cicatricula exhibits no more signs of life than the 

' /iuji/, LaL/flJjT/ir, from/m/w, to dig; a lenn applied by old writers 
lo anything dug out of ihe eaith, and therefore including minerals, 
hut now conventionally reslricted to organic remain;. 

■ CiialTvala, Lai, dimioutive of dcatrix, a scar. 
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young plant witiiin the pea. It is in a quiescent stale, and 
its activity must be roused by an external infiuence. This, in 
the case of the egg, is simply a certain amount of heat 
(which is ordinarily furnished by the warmth af the body of 
the parent), the si;pply of nourishment being yielded by the 
matter stored up within the egg itself, Jn the yolk and 
wliite. Under these circumstances, the cicatricula enlarges 
by the growtli and multiplication of its cells, and rapidly 
extends over the surface of the yolk. Part of it rises up 
and becomes fashioned into a rude resemblance of the body 
of a vertebrated animal, in which the head, trunk, and tail 
gradually become more and more recognizable ; while the 
limbs grow out like buds, at first without much likeness to 
either legs or wings. 

As the yolk is used up in the construction of the embryo, 
it diminishes as the latter increases ; the young bird be- 
comes larger and larger, acquires its feathers, and puts on 
more and niOre completely the characters of a pigeon. At 
last, it leaves the shell, and grows to the full size of its 
kind. In the adult state, the female bird possesses an organ 
termed the ovary, in which nucleated cells, the primilive ova, 
wliich correspond with the embryo cells of the plant, are 
developed. Each of Oiese grows and becomes invested by 
the materials of the egg ; and, before it is laid, it undergoes 
A process of division, whereby it is converted into the em- 
bryonic patch, or cicatricula, from which this series ol 
changing forms has proceeded. 

Thus the pigeon is developed from a simple nucleated 
cell, by a process of evolution, similar in principle, how- 
ever dissimilar in its results, to that which gives rise to the 
pea-plant. The adult pigeon is an aggregate of modified 
cells, descended by repeated division from the primitive 
e^ cell ; and this aggregate assumes a series of successive 
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Torms of graduallj' increasing complexity. Finally, cells 
are given off and extruded from the body as eggs ; 
ea.ch of which is competent to run anew through the 
series, characteristic of that form of living matter known 
as a pigeon. 

Hence, there is a very close analogy between the animal 
and the vegetable forms of life at present under considera- 
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tion, but the differences : 
cannot live on a watery solu 
salts, however much fresh aii 
this diet. It has no powe: 
compounds, or the fatly or 
out of simple*' substance.^; 



striking. The pigeon 
on of ammoniacal and mineral 
and sunshine may be added to 

of manufacturing the protein 
laccharine matter of its bodv 

but, directly or indirectly, i 



i dependent upon the plant for all the most importiiul 
constituents of its body. 

Like all other animals, the pigeon is a consumer, not a 
producer. The ccmpies substances, which it obtains from 
the peas on which it feeds, are assimilated to its own sub- 
stance, and are then slowly burned by the oxygen which it 
obtains by the process of respiration. The animal is in 
fact a machine, fed by the materials it derives from the vege- 
table world, as a steam-engine is fed with fuel Like the 
steam-engine, it derives its motor power from combustion ; 
and, as in the case of the steam-engine, the products of the 
combustion are incessantly removed from the machine. 
The smoke and ashes of the animal are the carbonic acid 
evolved in expiration, and the fiEcal and urinary excreta. 
The latter are returned to the earth in a more or less fluid, 
or, at any rate, soluble form ; the former is ditfused through 
the air. 

When the bird dies, the soft parts rapidly putrefy, and pass 
off, as gaseous and fluid products, into the air and the water. 
The dense bones resist decay longer; but, sooner or later, 
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evea the lime salts by which they are hardened are dis- 
solved away ; and the-solid animal fabric returtis to swell the 
sum of the fluids and gases from which, through the plaot, 
it has been derived. But, under like conditions to those 
which have been mentioned in the case of the plant, the 
bones may be covered up and protected from further decay, 
or may become infiltrated with calcareous or siliceous matters ; 
and thus, as a " fossil bird," a pigeon may form an integral 
part of the solid crust of the earth. 

It will be apparent that pigeons and peas, or more broadly, 
the animal and the plant, respectively represent, in the world 
of life, the destructive and the reparative powers of the not- 
living world — the forces of denudation and of upheaval 
The animal destroys living matter and the products of its 
activity, and gives back to the earth the elements of which 
such matter is composed, in the form of carbonic acid, am- 
moniaca! and mineral salts. The plant, on the contrary, 
builds up hving matter, and raises the hfeless into the world 
of life. There is a continual circulation of the matter of the 
surface of the globe from lifelessness to life, and from life 
back again to lifelessness. 

If pigeons and peas were the only forms of life, the 
balance of solid and fluid constituents of the globe would 
hardly be affected by their existence. Every pigeon and 
every pea, as has been seen, represents a certain amount 
of liquid and gas transmuted into the solid form ; but, under 
ordinary circumstances, the solids thus withdrawn, return to 
the fluid and gaseous states within a short time after the 
death of the body which they constitute. It is hardly con- 
ceivable that, under any circumstances, fossil pigeons or 
fossil peas should make a sensible addition to what may, 
at any rate in a relative sense, be termed the permanent 
crust of the earth. 
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But it is otherwise with plants and animals which live 
under conditions more favourable for preservation ; and, in 
which, the earthy and less perishable constituents enter in 
large proportion into the composition of the body. There 
is much more likeHhood that the remains of animals and 
plants which live in the sea, or in rivers, or which haunt 
marshes and lakes, should be fossilized, than that those of 
ihe dwellers on dry land should be so preserved. And the 
greater the quantity of salts of lime, or of silica, or of other 
slowly soluble ingredients, in the body of an animal or of a 
plant, the longer will its fabric be in disappearing, and the 
greater the chances of its preservation. 

Along the shores of the Isle of Sheppey, in the estuary of 
the Thames, it is by no means uncommon to find fossils 
which have fallen out of the clay cliffs in the course of their 
riestruction by the sea. Many of these fossils are the hard 
fraits of trees, which lived at the time when the clay was in 
course of formation. The fruits appear to have fallen from 
the trees which bore them, and which probably grew on the 
banks of a river ; and then to have been carried down by the 
river to its estuary, where they were embedded in the line 
mud which has since been hardened into the clay of the 
Sheppey cliffs. This is the same kind of clay as that on 
which the metropolis stands — the common London clay. 
The vegetation of this part of the world, at the time repre- 
sented by this clay, must have been very different in character 
from that of the present day. Many of the fruits, for instance, 
are the produce of palm-like trees (Nipd) akin to the screw- 
pines, and similar to those now growing in Bengal, in the 
Philippine Islands, and elsewhere in the East Indian Archi- 
pelago ; while others are the cones of plants {Proteacea) 
Btmilar to those which at the present day flourish in Australia. 
Fig. 63 shows one of these fruits from the London clay of 



Sheppey. It must be borne in mind, that sucli fossils 
form only an insignificant portion of the bulk of the rocks 
in which they are enibeiltled. There are, however, other 
organisms which enter so laegely into the composition of 
certain deposits as to form by far the greater proportion of 
their bulk. 

Thus, there is a well known substance, which has been 
used in the aits for many years as a polishing material, 
under the name of Tripoli. It is a kind of rottenstone, 
which occurs in large deposits in many parts of the world, 
but is especially abundant at Bilin, in Bohemia, where it 
forms strata of considerable extent, 
one bed measuring as much as four- 
teen feet in thickness. In some 
places, the tripoli is a soft friable 
rock, while, in other localities, it is 
so hard as to be known as " polish- 
ing slate." Chemically, it is almost 
pure silica, like the silica of rock- 
crjstal; but examination under a 
microscope shows, at once, that it 
It simply mineral silica. Indeed, 
when a little of this tripoli is suffi- 
ciently magnified, it is seen to be 
made up, not of shapeless mineral particles, nor of minute 
crystals of silica, but of such beautifully-formed objects as 
those represented in Fig. 64. It was shown, many years 
igo, by the late Prof. Ehrenberg, of Berlin, that these 
delicate objects in the tripoli are identical with the siliceous 
cases characteristic of a group of minute organisms called 
Diatoms. The diatoms are found living both in salt and 
in fresh water, but the kinds commonly preserved in tripoli 
are characteristic of fresh water, and hence it is concluded 
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iliaC liie material ivas probably deposited at tlic bottom of 
lakes or in marshes. 

When a living diatom is examined, it is seen that the 
siliceous case incloses a particle of protoplasm. A diatom 
simple vegetable cell, but its peculiarity lies 
;tn the fact that the cell is able to separate, or sea-eie, from 
■ounding water, that chemical combination which is 
called " silica," and which exists, in minute proportion, dis- 
solved in most natural waters. The silica thus appropriated 
by the diatom forms a solid case, which incloses the prolo- 
pUsm, and often exhibits a beautifuily-sculpiured surface. 




k On the death of a diatom, the protoplasm decomposes 
bid disappears ; but the siliceous shield, although it is very 
lowly dissolved by water, is not easily perishable, and it 
Hierefore remains as a solid body at the bottom of the water. 
It is true the diatoms are very minute, but they compensate 
for this by their extraordinary abundance. In some 
estuaries, they are so abundant that the accumulation of their 
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hard. envelopes contributes largely to shallowing tlie water 
and blocking up harbours. It was estimated by Ehrenberg 
ihat as much as.i 8,000 cubic feet of siliceous organisms were 
accumulated every year in the harbour of Wisraar, in the 
Baltic. Sir J. Hooker refers to the enormous multitudes 
of diatoms in the waters and in the ice of the South Polar 
Ocean ; and a deposit, or oozt, consisting principally of their 
siliceous casings, was found along the flanks of the Victoria 
Barrier, extending over an area whicli measured as much as 
400 miles in length and 20a in breadth. During the voyage 
of the Challenger, a similar diatomaceous ooze was found, 
as a pale straw-coloured deposit, in certain parts of the 
Southern Ocean ; and diatoms are seen in abundance on 
the surface of many seas, especially where fresh water is 
brought down by rivers. Insignificant as diatoms appear 
when regarded individually, it is clear that, in consequence 
of their vast numbers, ihe rapidity of their multiplication, and 
the resistance of their siliceous cases to destruction, they 
may play a very important part in the formation of certain 
deposits which will eventually constitute siliceous rocks. In 
fact, Ehrenberg has shown that the loose siliceous panicles 
of the diatomaceous deposit at Bilin may become altered 
into a compact rock by the percolation of water. This very 
slowly dissolves the silica and then re deposits it, as a hard 
opal-like rock, in which the organic structure is well-nigh 
obliterated. 

There are not many plants that have power, like the 
simple diatoms, to encase their cells in such hard material 
as silica. In the Grasses, however, the cells forming the 
Coating of the stalks contain a good deal of silica, which 
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Holland, under the name of " Dutch rushes," for use as a 
polishing material. But, even where there is no special 
deposition of mineral matter in the plant-cells, the walls of 
the cells themselves are commonly formed of a compact 
membrane which may offer considerable firmness of texture. 
The cell-membrane consists of the material called cellulose, 
which differs essentially from the inclosed protoplasm, in 
that it contains no nitrogen, but rather resembles starch in 
chemical composition. In woody plants, the cell walls be- 
'Come very much thickened; and the accumulated woody 
which is insoluble in water, contributes to the strength 
and support of the vegetable structure, and decays but slowly. 
Hence, the accumulation of remains of plants may, under 
proper conditions, yield deposits of considerable durability. 
Accumulations of partially decomposed vegetable matter 
form the substance known as peat or Inrf. This is pro- 
duced only under certain conditions of moisture and tem- 
perature; damp ground, in a temperate climate, being the 
situation most favourable to its formation. In this part of 
the world, the principal peat-forming plants are certain 
mosses known to botanists under the generic name of 
Sphagnum. The stems of the bog-moss die away in their 
lower part, while the upper portion continues to grow freely. 
The interwoven dead portions form a tangled mass, which 
holds wateV like a sponge and favours the growth of the 
moss above. Remains of other plants become mixed with 
the moSSes, and contribute to the formation of the peat, 
while trunks of trees occasionally get embedded in the 
bog. Muddy matter is likewise washed during floods, 
and helps to consolidate the felted mass and to produce a 
deposit of considerable firmness. The rate at which the 
peat gtows varies greatly under different conditions, but 
some notion of the rate may be gained from the fact that 
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Roman remains, and even Roman roads, liave been found 
beneath eight feet of peat. In Ireland, peat-bogs are so 
abundant as to cover about one-tenth of the entire surface i 

and, in some cases, the peat may be as much 
as forty feet in thickness. The peat is cut from the bog, in 
brick-shaped blocks, by means of a peculiar spade known 
as a " slade," and, after being dried in stacks, is used as fuel. 
In England, peat is not so imponant as in Ireland, bat it is 
to be found in many damp localities. It was mentioned, in 
the last chapter (p. 212), that an old peaty soil extends 
for miles along the estuary of the Thames, though hidden 
beneath the surface. 

In the deeper, and therefore older, parts of a thick peat- 
bog, where the decomposing matter is most compressed and 
altered, it usually takes the form of a brownish -black, slightly 

mpact mass, in which the vegetable structure may be 
almost obliterated: the material is in fact converted inti 
substance not altogether unlike Cfju/. Indeed, the resemblance 
has led to the suggestion that beds of coal may, in some, 
cases, have been formed by the alteration of old peat-bogs. 
Although there ate certain objections to such a view, it i 
nevertheless beyond question that coal oiyes its origin I 
the alteration of vegetable matter. The evidence upon 
which this conclusion is founded is derived, partly, from the 
chemical and microscopic structure of the coal and, partly, 
from the conditions under which the substance is found in 

Coal occurs in the shape of beds, or seams, of variable 
thickness, associated with shales, sandstone.s, and other sedi- 
mentary rocks. The succession of strata, or measures, cut 
through in a colliery, is generally similar to that represented 
in Fig. 65, but the series may include hundreds of separate 
beds. The "roof" of the coal, or the rock immediately. 



above the seam, is commonly a shale, which when split into 
layers is very frequently found to inclose impressions of 
plants. Perhaps the commonest of these remains are the 
graceful leaves at fronds^ of ferns, which are often strikingly 
similar to those living at the present day. Although, in 
these islands, ferns never attain to the si^e of trees, yet, in 
countries where the climate is very warm and moist, as in 
New Zealand, they form trees fifty or sixty feet in height. 



■ Such tree-ferns lived also in this country, at the time of the 
\ formation of the shales which are found in association with 
I 'tile coal. 

In addition to the impressions of plants found in the shales 
above the coal seams, vegetable remains are also met with 
in rocks beneath the coal, forming what is called the "floor." 
It was pointed out many years ago by the late Sir W. Logan, 
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when examining the great coal-6eId of South Wales, that | 
each bed of coal is supported by a layer of shale known as 
umier-clay or seal-earth, as shown in Fig. 65. Whatever the 
number of seams of coal — and in some cases they are very 
numerous — there is always just the same number of under- 
clays. Moreover these underclays usually contain such 
bodies as that figured in Fig, 66, whicli are never found 
in the roof of the coal. Such objects had long been 
known to geologists under the name of stigmaria} but 
though it was clear they represented some part of a plant, 
their precise nature long remained an enigma. At length a 




railway cutting through the Lancashire coal-field exposed 
half a dozen trees resting upon a seam of coal, but sending 
their strong roots downwards into the under-clay, where 
they ramified in all directions and gave off rootlets. It was 
found by Mr. Binney that these roots were nothing but the 
4vell-known stigmaria, and that the characteristic stigmata, or 
pits, were not leaf-scars, as had been suggested, but points 
from which rootlets had been given off. The - stigmariie 
passed upwards into fluted tree-stems, which are not un- 

> Sllgmaria, from trTl7jia, sligitia, "a mark;" in allueion to ihe 
scars left by the roollel?. 



commonly found io the coal and the shales, and are known 
as sigiilan'a (Fig. 67).' There is consequently no doubt 
that the stigmaria is nothing but the root of the sigillaria, 
and that the under-clay represents the soil of an ancient 
forest in which these and other trees flourished. 

samining one of these sigillaria- stems, it will pro- 
I'bably be found that the bulk of the trunk consists of 
tony matter, but thai this is coated by a thin layer of 




wliich represents the original bark of the tree. Hence, it 
may be assumed that the old trunk rotted away, leaving 
a hollow tube of bark which has become transformed inlo 
coal But, although coal may have been produced in tliis 
way to a limited extent, it would be rash to conclude 
that the whole of our coal was formed by such a trans- 
formation. What kinds of vegetable matter have been 
concerned in the production of coal cannot be determined 
without the aid of the microscope. 

On attempting to break a mass of coal, it will generally 

found that it splits much more readily in certain 

* SigUlaria, from Lat. ngilliim, a lesl ; tb« lea/ ton resembling the 
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directions than in others. Tlius, it breaks easily along the 
planes of bedding, which of course run parallel to the 
general stratification of the coal-measures. The top and ' 
bottom layers thus broken, commonly present dull black 
almost sooty surfaces, and easily soil the fingers when 
handled. But the mass of coal also splits with ease in 
certain directions which run vertically across the stratifi- 
cation, and the broken surfaces thus produced are generally 
bright and smooth, and do not soil the fingers : the direction 
along which these joints run is often known as the " face " 
of the coal. Then there is a third set of planes at right , 




angles to both the other sets, and less perfect, so that the 
fracture here is more irregular; this direction is sometimes 
called the " end " of the coal. On the whole, then, there 
are three directions, perpendicular to one another, in which 
the coa! may be divided ; and it thus yields blocks more o 
less regular in shape, and roughly resembling cubes or dies, 
such as that shown in Fig. 68. 

The dull black substance running along the planes of 
stratification or bedding of a piece of coal is sometimes 
called, from its resemblance to charcoal, mhteral charcoal, 
and it is likewise known as mother of coal. This substance 



xiv] LIVING MATTER AND ITS EFFECTS. 239 ■ 

is often fibrous, and is made up to a large extent of the 
remains of stems and leaves. Hut the constitution of the 
mass of the coal is very diflerent from that of the mineral 
tharcoa!, which indeed forms only thin layers spread out 
between the lamina of the coal. If a. slice of coal, cut so 
ihin as to be partially transparent, is examined under the 
microscope by liglit passing Elirough its substance, it will 
usually present some such appearance as that shown in 
I'ig. 65.' This section, which lias been taken parallel to the 




Fiace of the coal, shows a blackish or dark-brown 
forming the gnsund, in which are embedded 
granules and streaks uf yellowish colour. These streaks 
represent the edges of minute bags v.-hich have been cut 
through, and which, in certain coals, may be seen entire 
even with the naked eye. Thus, there is a valuable seam of 
coal near Bradford, in Yorkshire, known as the "Betier 
Bed," which contains vast numbers of these little discs, each 

' Frum B pnptr by Mr. E. T. Newti 
Dee. 3, Vol. ii.. No, 8, AugiisT, 1875. 
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about j'jth ol an inch in (iianieier, and therefore readily 
visible. These discs are the larger bodies cut through in 
the section, and appear to be sacs which sometimes inclose 
granules similar to those scattered through the dark ground- 
mass, and which are not more perhaps than -j-J^ of an inch 
in diameter. Botanists conclude that these minute bodies 
are the spores,^ or reproductive bodies of a flowerless plant ; 
while Prof. Morris suggested, many years ago, that the larger ' 
bodies are the cases which inclosed the spores and are 
themselves known as sporangia. Similar bodies are well 
seen in microscopic sections of the curious combustible 
substance known as "white coal" which is in course of 
formation in Australia. 

There can be no doubt that these spores and spore- 
cases were shed by trees closely related to those extinct 
forms which are well-known under the rx^ra^Qi Lepidodendron^ 
Remains of the lepidodendron have been found, with cones 
still pendant from the branches of the tree; and similjr 
cones, called Lepidostrobi, are scattered in abundance through 
the coal-bearing rocks. The cones are made up of scales, 
and in some specimens it is possible to detect spore-cases,' 
containing spores, still preserved between the scales. 
Mr. Carruthers has given the name of FUmingiies to a lepi- 
dodendroid plant which has been found to have spores, 
closely resembling those which occur in the mass of the 
coal. There seems therefore scarcely any room for doubt 
that the little bodies so plentifully scattered through most 
coals were derived from plants more or less resembling the 
lepidodendron, 

' Spsra are one of the kinds of bodies by which flowerless plants are 
reproduced. 

' Lepidodendron, from Aiiris, Itpts, a scale ; iiripav, dendroK, a Irec 
in allasicin lo the scale-like Uaf-scars on the stems. 
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^K But what kind of trees were these accietit inliabitanis 
^E^ the coal-forests, and to wliat existing plants could they 
r daim kinship ? To answer tliis question it is necessary lo 
tnm not to our forest trees, but to such lowly plants as the 
dub-moss or Lycopgdiunt. It may seem almost absurd to 
compare such different objects as these ; for the ciub-moss 
is a weak herb, and even in the most favourable conditions 
does not rise to a height of more tlian two or three feet, 
while the lepidodendron must have been a gigantic tree, 
certainly reaching, in some cases, to a height of a hundred 
feet Yet, in the form of their stems, and in the character 
of their fructification, the resemblance between the two is so 
striking, that the student is forced lo admit that the club- 
moss is but a miniature edition of the old lepidodendron. 
But, though the ancient and the modem plants thus differ so 
much in size, it is curious to note that their spores are o£ 
nearly the same dimensions.' 

At first sight, it no doubt seems surprising that objects so 
minute as the spotes and spore-cases of extinct plants allied 
to the club-moss should form any considerable proportion 
of those vast masses of coal which occur in beds several 
feet in thickness, and extend over areas measured in miles. 
Yet in this case, as in that of the diatoms, the enormous 
numbers coinpeusate for want of size in the individuals. 
Clouds of yellow dust, consisting of spores, may be 
shaken from a branch of club-moss ; and the spores of the 
diminutive species still living are so abundant that they 
form an article of commerce. The druggist roils bis pills 

' In some of the living club-mosses there are Iwq kinJs of spores, 
one being much larger ihan the other. The larger are known as macro- 
ifiera, whilst the smaller are caQed miirospores. Prof. Williamson, oi 
Manchester, who has paid great atleotioQ Co the struclnre ofcoal-planta, 
tas made the important su^cslion that the large bodies, termed 
"spOtBngia" in the text, ire really macrosports. 
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in lycopodium spores ; and, by thus coating them wi 
resinous powder, enables them to roll over the tongue with- 
out direct contact with its moist surface. And, before the 
days of the electric light, the stage-manager was in 
habit of using this highly combustible resinous material, 
under the name of " vegetable brimstone," to produce a 
blaze of mimic lightning. 

From what has now been said, it appears probable that * 
most coal has been formed in something like the following 
way. A forest of lepidodendrons, sigiUarias, fems, and other 
plants, grew up on an old land-surface, which is now repre- 
sented by the iinder-clay, or its equivalent. Season after 
season, showers of spores fell from these flowerless plants, 
and, accumulating on the soil, became mixed with the 
fallen fronds, and with larger or smaller portions of the stems 
of the surrounding trees. While a large proportion of the 
soft vegetable matter slowly disappeared by decay, or 
only a highly carbonized residue, of which the part that 
retains a recognizable structure is the " mother of coal," the ' 
resinous spores resisted decomposition, and remain 
tinguishable in all the less altered coals. The roots of the 
Lfpidodmdra were often preserved by the clay in whicli 
they grew, and became the fossil stigmarix. 

When a layer of vegetable soil had thus accumulated 
to a considerable thickness, the land slowly subsided, and ' 
the old forest was buried beneatli deposits of mud and 
sand, which have since hardened into shales and sand- 
stones. Compressed beneath these sediments, the vege- 
table matter underwent peculiar changes, which resulted ■ 
in the formation of coal. Then a time came when the 
sedimentary deposits were upheaved, and another forest 
sprang up on the new land, forming a second bed i 
coaL Hence every seam of coal indicates fresh movement. 
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of the ground ; and, when it is remembered that, in the 
South Wales coal-field, as many as eighty distinct beds of 
coal may be recognized, it will be seen that the coal- 
measures offer striking evidence of oscillations of the level 
of the land. Between each elevation and depression, there 
must have been time enough for the formation of a thick 
vegetable soil, and, in some cases, this must have taken vast 
periods of time; thus, in South Staffordshire, there is, or 
rather was, a famous bed of coal measuring as much as 
thirty feet in thickness. Remembering, then, the slow growtli 
of a forest, the great thickness of some of our coal seams, 
and the number of separate beds in the coal-measures, it 
will be readily conceded that these strata represent a lapse 
of time which is probably to be counted by hundreds of 
thousands of years. 

Before it was understood that each bed of coal grew 
where it now stands, it was supposed, by many geologists, 
that coal had been formed by the alteration of wood 
drifted out to sea. Great rafts of timber and other ac- 
cumulations of vegetable matter are unquestionably carried 
down by such a river as the Mississippi ; and this matter, 
becoming buried in the silt of the estuary, might undergo 
changes resulting in the formation of coal. But, though 
small deposits of coal may have been formed in this way, 
no accumulation of drift-wood would be competent to pro- 
duce beds of pure coal of uniform thickness and great 
extension, such as those in any of our coal-fields. More- 
over, there are the stigmarice to show that the plants grew 
where their remains are found. 

There is, however, a kind of imperfect coal which shows 
by its texture that it has been formed from wood. So 
ligneous indeed is its texture that the coal is commonly 
called lignite. In this country, such coal is found only in 
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insignificant quantity at Bovey Tracey in Devonshire, but 
in many countries, which are poor in true coal, the lignite 
occurs in large deposits and is an important fuel A few 
years ago, some old timbering in a mine in the Harta, 
known to date back about four hundred years, was found to 
be converted into this lignite or " brown coal." Hence, 
there can be no doubt that, under certain conditions of 
decay, wood may be transformed into a coal-like material. 
Lignite may be regarded as vegetable matter not com- 
pletely mineralized. Even the ordinary coal of our own. 
country is subject to further alteration, and may become 
still more removed in characters from its original condition _ 
Thus, in the coal-field of South Wales, a curious change ma^ 
be traced in passing from one end of the field to the otheE~_ 
In the eastern part, the coal is of the ordinary kind, such a_ ^ 
is seen in our scuttles, and is called bituminous coal; towariA. s 
the middle of the field this passes into semi-bitumiiious eo^=-^^ 
\\hich is a kind of fuel that does not burn with a brig' 
.jassy fianie, but is valued for feeding the engines of steamei 
since it emits but little smoke ; finally, in the western part 
the coal-field, this steam-coal passes into a substance call* 
anthracite^ wliich is still less inflammable and still mc 
removed from the original form of vegetable matter. Su- ^A 
changes in the character of the coal appear to be closely ccznn- 
nected with the disturbance and fracture of the coal sea».r"^s. 
Most deposits of coal have been thrown into basin-L ^ke 
shapes, and the beds are often broken up and other\'^--ist 
disturbed by, the injection of igneous rocks and by lat -^taj 
pressure. In these disturbed regions, the coal has l>- een 
altered mto an anthracitic material. The alteration wk^-iicli 
has been effected appears to be much like that w^fcich 
takes place when coal is artificially distilled, for 

» AnthradU, from ii^Poaf, anthrax, co^! or charcoaL 
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manufacture of ordinary illuminating gas. That part of 
the coal which contributes to the blaze of a fire is removed, 
while the coke-like portion is left behind. 

The chemical changes which have taken place during the 
conversion of vegetable matter into the several varieties of 
coal may be seen by a comparison of their analyses, as 
given in the following table : — 

Carbon. 

Wood (Oak) 48*94 

Peat (Irish) 5562 

Lignite (Bovey Tracey) . . . . 69 94 

Bituminous Coal (Newcastle) . . 88*42 

Steam Coal (South Wales) . . . 92*10 

Anthracite (South Wales) . . . 94*05 

Changes of the kind indicated by these analyses have 
t>^en carried on, during the past history of the earth, on an 
Enormous scale ; and the great extent and thickness of the 
^^posits of coal, which have thus been produced, show 
"ttiat vegetable life has played no insignificant part in the 
formation of the rock-masses which build up the earth's 
^rust. 

* The quantity of nitrogen being small is added to the oxygen. The 
^tialyses are calculated exclusively of the ash, or mineral matter con- 
tained in the coals. 

' Exclusive of nitrogen. 



•lytlro- 


Oxygen and ^ 


gen. 


Nitrogen.* 


5 94 


45'i« 


6-88 


37*50 


5*95 


24-11* 


5*6i 


5 97 


5-28 


2 62 


338 


257 



CHAPTER XV. 



It has already been pointed out that when an aquatic 
animal dies, its hard parts, such as a shell, or bones, if it 
happen to possess any, will stand a fair chance of consti- 
tuting a permanent contribution to the solid materials of 
the earth, by becoming embedded in raud, and in this way 
preserved from destrtction. 

Such names as " Shell-haven," near Tilbury, on the Essex 
coast, and " Shell-ness," in the Isle of Sheppey, sufficiently 
indicate the abundance of shells, which accumulate in certain 
regions of the estuary of the Thames ; and, on many other 
|iarts of the English coast, enormous multitudes of shells are 
scattered upon the sea-beach and embedded in its sands 
and mud. 

Vast quantities of dead shells accumulate on oyster-beds, 
and the dredge brings up similar objects, wherever it is 
allowed to scrape along the bottom of the sea, around oui 
coasts. Moreover, In some parts of the Channel, small 
reefs are built up of nothing but the sandy habitations which 
are fabricated by certain marine worms. 

This operation of the formation of new land by ani 
mai agents is manifested in the most conspicuous 
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manner and on a gigantic scale, by the coral reefs and 
islands of which we hear so much in accounts of voyages 

It is extremely common to hear, or read, that these 
masses of land are constructed by coral "insects." As a 
matter of fact, however, the animals mainly concerned in 
the formation of these deposits are widely different from 
insects J while they are very similar to certain marine 
oi^anisras, of much simpler structure than any insects, which 
abound on our own coasts. 

Scarcely any visitor to the sea-side can fail to be familiar 
with the peculiar fiower-like creatures which are popularly 
called sea mtetnonesy They are commonly to be found 
attached to the rocks in little pools of salt water left 
between tides. The body of the sea anemone is a fleshy 
sac, more or less cylindrical in shape, and closed Ht 
one end, which forms the base, by means of which the 
creature fixes itself to any solid object. Upon occasion, it 
quit its hold and, by movement of this fleshy base, is 
tble to crawl over the sea-bottom. In marine aquaria, 
jmones may sometimes be seen creeping up the 
glass sides of the tank, in this fashion. At the opposite end 
of the cylindrical body, there is a mouth, surrounded by a 
reat number of feelers or tentacles, disposed in a circle, or 
commonly in several circles one witliin another. So 
are these feelers that, if one be lightly touched, 
are all quickly drawn in, and the creature shrinks to 
conical mass, looking like a mere knob of jelly 
c to a stone. But, when the feelers are freely spread out, 
form a graceful crown, variously coloured and giving 
animal a very flower-like appearance, not altogether 

ni ihe floiver so caUcil ; from Sxt^a^ i,antmos) winii, m 
Ibe fluwer being easily bluwii about by Ihe breeze. 
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iinlike that of a China-aster, or some other tnember of 
that great group of plants represented by our daisies and 
dandelions. 

If an7 little animal, such as a shrimp, chance to come 
within reach of the outspiead feelers, it is at once carried to 
the mouth and thrust into a sac, which occupies the centre of 
tlie body. Between the walls of this sac and those of the 
body, there is a wide space, so that the arrangement may be 
compared to that of a common inkstand; the inner sack repre- 
senting the glass vessel which holds the ink, and the rest of 
the body the body of the inkstand, into which ihe ink-holder 
ilrops. And, just as tliere are holes round the top of the 
inkstand for holding pens, which holes open into the inter- 
space between the inkholder and the body of the inkstand ; 
so, round the top of the body of the sea-anemone, there are 
openings, by which the cavities contained within the feelers 
communicate with the interspace between the inner arid the 
outer sacs. Beyond this point, however, there are two 
important differences between the sea-anemone and the 
inkstand. For the inner sac is open at the bottom ; and, con- 
sequently, the interspace between the inner and the outer 
sacs, and the cavities of the feelers, 
with the cavity of the inner sac ; and, therefore, by 
the mouth, with the exterior. Hence, all the ca' 
full of sea-water. In the second pi; 
a number of vertical partitions stretch from the inner sac to 
the outer wall of the body, whereby the interspace between 
the two is divided into nuraerou.i chambers. 

The food which is taken into the inner sac undergoes 
digestion ; its nutritive parts are dissolved and are 
diffused through the fluid which fills the body, and which 
; purpose of blood ; while the indigestible 






hard parts are cast out again by the mouth. The body of 



1 true insect is divided into segments ; it has a digestive caniil 
whicli does not open into tlic cavity of the body ; it has 
distinct organs of circulation and Tcspiraiion, and a peculiarly 
fomied nervous system. None of these features are to be 
met with in the sea-anemone ; which, therefore, is an animal 
of much lower grade than an insect. Indeed, it is much 
more nearly allied to Ihe jelly-fishes, which float in the sea, 
and to the fresh-water polypes of our ponds. The general 
name of "polype "' is, in fact, applied to the sea-anemones 
no less than to the latter. 

The sulistance of the body of the common sea- 
anemones is quite soft, and none of thera acquire a greater 
consistency than that of a piece of leather. But there are a 
feB' animals, which live at considerable depths in our own 
seas, and very many in other parts of the ocean, the 
structure of which is, in all essential respects, similar to 
thai nf the sea-anemones, but which nevertheless possess a 
I'ery hard skeleton {Fig. 70). This skeleton, inasmuch as 
It is formed by the solidification of the base and side walls 
of the body of the polype, neces,sarily has the form of a cup, 
and it is termed a cup coral, to distinguish it from other 
kinds of coral such as the red coral, which, though produced 
by similar animals, are formed in a different manner. Not 
only are the walls of the body thus hardened, but vertical 
partitions of the same character extend from the w.ills of 
the cup to its centre, in correspondence with the partitions 
which divide the cavity between the inner sac and the body- 
trail. The hardening of the lower part of the body of the 
coral polype, and that of the partitions, is effected by the 
deposition, within their substance, of carbonate of lime 
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extmcted from tne sea-water in which the animal lives ; jusl 
as the calcareous salts of the bones are extracted from the 
milk, and deposited in those parts of the body which are 
becoming bone, in a growing infant The deposit converts 
the base of the polype into a solid cement, which fixes 
the animal to the surface to which it is attached ; and, if 
the polype goes on growing not merely in height, but 
breadth, while tlie process of calcification extends as it 




grows, the coral wil 
exhibited in Fig. 71. 
of call 
the feeli 



. necessarily assume the conical form 
It will be understood that the deposit 
does not extend into the region of 
the inner sac, so that the formation 
of the coral skeleton no more interferes with the per- 
formance of the functions of the body in the polype, than 
' From Mr. Gosse's KixlurtUiU's RambUi o« tin Df-iom/iirt Ceast. 



the development of the bones of a man does with his 
eating and drinking. 

Sooner or later, the coral polype dies ; then, the feelers, 
inner sac, and all the soft upper parts of the body, and 
ihose which cover the skeleton, decay, and are washed away, 
while the skeleton, or corallunt, as it is called, is left as a 
contribution to the solid floor of the sea {Fig. 7 a). 

Such solitary coral polypes as have been described give 




rise to numerous eggs, the young developed from ivhicli 
float away, and sooner or later, fixing themselves, take on 
the form of the parent. Very often ihey have other modes 
of multiplication. A coral polype may give ofl" small 
buds, each of which grows into a perfect animal with its 
own stomach, mouth, and feelers, but remains closely con- 
nected with the parent In other cases, the coral animal 
spontaneously spliis into two halves ; and these, in turn, may 
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divide and subdivide, the product of each division growing 
into a perfect polype. By frequent repetition of these 
processes of budding and splitting, the corals may form 
masses of great size ; in some cases, branching like a tree, 
with separate polypes budding out in all directions ; and, in 
other cases, spreading into a confused mass, like the well 
known "brain-stone coral," which is to be seen in every 
museum. Since the multiplication of the polypes may go 
on to an almost unlimited extent, it is evident that the 




aggregated mass of coral maybe of enonnous size, although 
the separate pol)'pes are but small. In fact, it is the growth 
of coral, in this manner, that forms those masses of land 
which are known as " coral-reefs " and "coral-islands." 

Such land is popularly said to be " built " by the coral- 
animals, but it should be understood that it is not a constnic- 
tive work, like the nest of a bird, or the comb of the bee. 
The land is simply an accumulation of the calcareous re- 
mains, or skeletons, of the coral-polypes. The formation o( 
this land is. indeed, very much like the formation of iha. 
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peat-bog, described in the last chapter. It was there 
shown that the bog-moss dies below, while it continues to 
grow above ; and, in like manner, the coral-polypes die 
below, leaving their calcareous skeletons, while they con- 
tinue budding and growing above : hence, a coral-island 
can be said to be " built " by the polypes only in the same 
sense that a peat moss can be said to be " built " by the 
plants of the remains of which it consists. 

Many islands in tropical seas are skirted by low banks of 
coral-formed rock. At high tide, the surface of the rock 
is, for the most part, submerged, and its position is then 
marked only by a white line of heavy breakers. But, at 
low water, the surface is more or less exposed, forming a 
broad and bare platform, which rises slightly above sea-level. 
Some islands are completely bordered by a margin of this 
coral-rock, while others are fringed only at certain points. 
Where a stream runs down from the land, and carries 
sediment to sea, the reef is generally absent, for the coral- 
polypes do not thrive in muddy water. Rocky ridges, 
which fringe a shore in the manner just described, are known 
as fringing-reefs. 

In other cases, the coral-rock is not directly attached to 
the coast, but stands off at some distance, so as to form a 
bajrier, perhaps many miles from land. Such reefs are 
consequently called barrier-reefs. Between the coast and 
the reef there is a channel of comparatively shallow water, 
forming a harbour, to which entrance is gained by a breacli 
here and tliere in the reef, the reef itself constituting a 
natural breakwater. Patches of coral-rock, forming small 
isolated reefs, may be scattered about the quiet channel, 
and the barrier itself may be broken up into a chain of 
detached reefs. Along the north-eastern coast of Australia 
there is a chain of these barrier-reefs stretching for a length 




of about i,aoo miles, and standing at an average distance' 
of twenty, or thirty miles from the coast. The channel 
between this barrier-reef and the land is termed " the inner 
passage," and has a depth of about twenty or Qve-and-twenty 
fathoms ; while, outside the barrier-reef, the depth of the sea. 
suddenly increases to many hundred fathoms. 

In addition to the fringing and barrier-reefs, there is yet 
another kind, differing from those principally in being 
quite isolated from other land. The coral-rock thus forms 
a true island, rising from the sea usually as a low strip of 
land, more or less ring-shaped, but generally of irregular, 
outline. In places, the strip of coral-land may bear a rich 
growth of cocoa-nut palms and other tropical forms of 
vegetation ; while, inside the rim of land, there is a shallow 
lake, or lagoon, of clear green water, which strikingly con- 
trasts with the dazzling white coral-rock of the beach. 
Access to the lagoon is gained by a gap in the shore, and. 
thus the island generally presents a horse-shoe shape. 
Several openings may occur in the belt of land, and the 
island consequently becomes broken up into a chain of 
islets. These coral islands are plentifully scattered through 
the Pacific and Indian Oceans, and are often known under 
the Maldive name of alolls. 

In explaining the formation of coral-land, it should be 
remembered that the corals themselves are powerless to 
raise the land above low-water mark, for the polypes perish 
when exposed above water. Dry land is, however, formed 
mechanically ; blocks of dead coral being broken off by 
waves from one part of the rock, and piled up upon 
another. The loose blocks are cemented into compact 
masses by means of coral-sand and coral-mud, produced by 
the tear and wear of the coral-rock. In the case of fringing 
reefs, the seaward, and, in that of atolls, the windward, side 
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of the mass of coral is usually the highest, for it is here that 
the coral-polypes flourish most luxuriantly ; while the dash 
of the breakers, during storms, tears off fragments of the 
coral rock, and heaps them up on this side. It should be 
borne in mind that the land is not entirely formed of corals, 
since other creatures living in the lagoon, and on the banks 
of the reef, contribute their remains to swell the mass. 
Vegetable life too is not without its effect on the formation 
of the new land ; and, indeed, the outer edge of a reef is 
often formed, in large measure, of nulliporesy a kind of sea- 
weed, the tissues of which are strongly impregnated with 
carbonate of lime. 

Although corals of some kinds may be found in almost all 
seas, those particular species which grow together in masses, 
and thus form reefs and islands, are limited to the warmer 
parts of the world. Prof. Dana, who has had ample 
opportunity of observation, believes that the reef-forming 
coral-animals are restricted to waters in which the mean tem- 
perature for the month, even in the coldest season, never 
falls below 68*> F.^ If, then, a line be drawn through all 
parts of the ocean north of the equator, where the coldest 
month has this average temperature, and a similar line south 
of the equator, they will include a zone within which all the 
coral-reefs of the world are situated. It need hardly be said 
that these lines will not be straight lines running in circles, 
round the world, like parallels of latitude, but will be irre- 
gular lines, rising in one part and falling in another, accord- 
ing as the temperature is locally affected by the presence of 
ocean-currents or by the proximity of land. This belt of 
warm water, congenial to the coral-makers, never extends 
beyond about 30 degrees from the equator. 

Though the reef-building corals abound in many parts of 
^ Corals and Coral Islands. By James D. Dana, LL. D. 1875. 
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this zone, they are not found in all parts of it. They 
are absent, fur example, on the western coasts of Africa 
and America ; and, where great rivers debouch, the sedi- 
ment and the fresh water, which they pour into the sea, 
interfere with the growth of the coral polypes. Moreover, 
reef-forming corals are restricted, not only in their super- 
ficial distribution, so as to be limited to certain latitudes^ 
but also in their vertical distribution, so as to be limited 
to certain depths. Indeed, the needful conditions for the 
growth of the polypes are found only in comparatively 
shallow water. From the observation? of Mr. Darwin, it 
appears that these corals do not flourish at greater depths 
than between ao and 30 fathoms, and are, for the most part, 
restricted to about 1 5 fathoms of water. Knowing this, it 
might not unnaturally be assumed that coral-reefs and coral-" 
islands would always be confined to shallow seas. As a 
matter of fact, howeveT, soundings outside a barrier-reef, 
or an atoll, often show an enormous depth of water, the 
outer edge sinking down abruptly like a coral-wall. The 
early navigators knew that coral-islands were not unfrequently 
surrounded by very deep water ; but this fact presented no 
difficulty, until naturalists became aware of the small vertical 
range to which the living corals are limited. Various 
attempts were then made to reconcile the two apparently 
opposed facts ; but no satisfactory explanation was given 
until Mr. Darwin, about forty years ago (in 1S37) advanced 
a most ingenious hypothesis, which not only perfectly solved 
the puzzle, but brought the several classes of coral-reefs into 
close relation with each other. 

According to Mr. Darwin's view, the coraWock has, in aB 
cases, been originally formed in water not deeper than about 
20 fathoms; and, when found at greater depths, it must have 
been carried down by subsidence of the rocky foundation 
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on which the polypes lived and died. The details of 
so simple, yet complete an explanation, deserve closer 
examination. 

It has already been shown that coral-polypes can multiply 
by processes of budding and splitting ; but it should be 
added, that they can also multiply by means of germs, which 
are thrown off from the parent as free-swiraming bodies. 
Suppose that some of these embryonic corals settle upon a 
sloping shore, in shallow water, where the conditions of life 
are favourable ; there they may go on multiplying, until they 
form masses of considerable extent, skirling the land, but 
never extending seawards to a depth of more than ao or 30 
fethoms. Let the land, mth its little fringing-reef, now 
slowly sink ; that part which is carried clown lower than 
about 30 fathoms will consist of nothing but dead coral; but 
the upper part of the reef will continue to grow, and, if the 
subsidence be not more rapid than the upward growth, the 
level of the reef will appear to remain stationary, at about the 
sea-leveL It has been said that the coral-polype flourishes 
best at the outer margin of the reef, where it is bathed 
by the surf. For this and other reasons, the reef is 
highest at this edge ; while, between the outer margin of the 
reef and the shore, there is a channel formed by the entry 
of sea-^ater during subsidence. In fact, the fringing-reef, 
as it has been slowly carried down, has become converted 
into a barrier-reef. This will be easily understood by re- 
ference to the sections in Figs. 73 and 74. In Fig. 73 an 
island, A, is skirted by a fringing-reef, B B ; on the sinking 
of the land to a lower level, as in Fig. 74, the bank of 
coral, B B, becomes thicker by upward growth, and a 
channel, C C, comes to be formed between the barrier 
and the shore. 
Outside the barrier, on its seaward edge, there may be a 
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great depth of water, varying according to the extent to 
which subsidence has gone on. By continued subsidence 
of an island encircled by a barrier, the lagoon, C C, becomes 
wider and wider. At length, only a few rocks may stand 
up in the centre of the -lake ; even these may at last dis- 
appear, leaving nothing but a sheet of water surrounded by 
the reef, and the barrier in this way becomes converted into 
an atoll, as shown in Fig. 75. Here the original land, A, has 
entirely disappeared beneath the growth of coral, B B, which 
surrounds the lagoon, C. 

Assuming then that, where bamer-reefs and coral-islands 
occur, they indicate areas of subsidence, Mr. Darwin has 
been able to map out the Pacific and Indian oceans into 
zones in which the land is, or has been, slowly sinking.^ 
These zones alternate with areas in which elevation is pro- 
bably going on, as indicated by the occurrence of active 
volcanoes. Fringing-reefs tell less about movements of the 
sea-bottom, for they may occur where the land is either ' 
stationary or rising. In some cases, an old fringing-reef is 
found standing high and dry above water, like a raised 
beach, and thus showing clearly that the land has been 
subject to elevation. 

^ T%e Structure and Distribution of Cored Reefs. By Charles Darwin, 
M.A., F.R.S. Second Edition. 1874. 
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The operations of the reef-building coral polypes, descnbed 
in the last chapter, are carried out on a gigantic scale. The 
Australian barrier-reef, alone, spreads a constantly increasing 
deposit of coral limestone over an area larger than that of 
Scotland ; ' while the totality of the surface, over which coral 
reefs are spread in the Pacific ocean, exceeds that of Asia. 
Moreover, reefs and atolls are conspicuous objects, forcing 
themselves on the attention of the traveller by their beauty 
and their singularity, and awakening that of the navigator 
by the dangers which they create. Bnt the conversion of the 
contents of the ocean into solid rock is constantly taking 
place, over a still greater area, and probably as rapidly, by 
agents which are inconspicuous, and, indeed, for the most 
part, invisible ; not only by reason of their minuteness, but 
because the results of their work accumulate, not in shallow 
waters, but at the bottom of the deep sea. Out of sight, 
they would be also out of min<J, if various circumstances had 
not, of late years, led to the careful exploration of the ' 
depths of the ocean. 

' The area or Ihe barrier-reef is estimated to be 33,000 square mi 
thai of Scotland is 31,324 square miles. 
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Almost everything that is known about the deep-sea bottom 
and its inhabitants has been learnt within the last quarter ofa 
century. When it was first proposed to bring the Old World 
into relation with the New, by means of a telegraph -cable, it 
became necessary to make a careful survey of that portion 
of the sea-bed on which the cable was to rest. The bed of 
the North Atlantic was first examined , in detail, in 1853, by 
Lieutenant Berryman, in the United Stales brig Dolphin ; 
and, in 1857, it was thoroughly surveyed, between Ireland 
and Newfoundland, by Captain Dayman in H.M.S. Cydopi. 
During these surveys, numerous samples of the sea-bottom 
were procured; and those which were brought up by the 
American survey were submitted to Ehrenberg and Bailey, 
while those from the English survey were examined by 
myself. In subsequent years, the exploration of the sea- 
bottom has been actively carried on in various parts of the 
world ; and the valuable series of observations made during 
the expedition of H.M.S, Challmger has given us exact 
information of its tiature, at a series of stations, in all the 
great oceans. 

In the ordinary method of sounding, or ascertaining the 
depth of the sea, a leaden weight is attached to the end of a 
graduated line, and rapidly run out until the weight strikes 
tlie bottom. To procure a sample of this bottom, the lead 
is "armed ; " that is to say, the bottom of the weight, which 
should be slightly hollow, is covered with tallow, and a small 
quantity of the mud or other material at the bottom sticks 
to this grease, and may thus be brought up for examination. 
Such rude means are sufficient for sounding in shallow 
water, but more complicated instruments are required for 
dee]i-sea soundings. Most of these instruments act upon a 
,.rinciple first suggested by Lieutenant Brooke, of the U.S. 
Navy — that of causing the weight to detach itself from the 
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line on reaching the bottom. The sounding-line thus runs 
down carrying a weight, but comes up free, bringing only a 
sample of the bottom, which is collected on the floor of the 
sea in a cup, or a tube, or a scoop. 

Without referring to the various modifications erf sounding 

apparatus which have been employed by successive deep-sea 

expeditions,^ it will be sufficient to describe the sounding 

machine which was very largely used, during the recent 

\oyage of the Challmger, This 

is represented in Fig. 76, and a 

section is given in Fig. 77. The 

apparatus is a modification of one 

which had been used by Captain 




Hydra 

called 






Shortland in H.M.S. 
whence it is sometimi 
the " Hydra Machine ; ' 
sent form, however, i( 
Lieutenant Baillie. 

This apparatus consists of a , 
metal tube a, mostly of iron, five 
and-a-half feet in length, and two ■ 
and-a-half inches in diameter. 
Its upper end is furnished with 
a brass cylinder, b, in which i 
heavy piece of iron works up 
and down, like a piston in a eylin 
dcr. At c, this iron is furnished' 
Ties the iron-wire sling to which 



with a shouldi 

the sinking-weights are attached. These sinkers, d, are made 

of iron, cast in the form of cylinders, each with a central hole; 

they are provided with teeth and notches, so as to fit one 

' Descriptions and figures of these inslrumanls wiil b; found in Thi 

~ Hjappatatu* 
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I another ; and thus several may be fitted together, 

ming a compact mass perforated by a central canal, 

through which the tube passes. As the instrument runs 

down, water enters the tube a, at its open end e, and passes 

out through holes in the upper part. On striking the 

bottom, the tube sinks into the mud or other material, and 

a small quantity enters ; and this is prevented from escaping 

by means of a pair of butterfly- valves, opening inwards, 

which are attached to the bottom, e. When the floor of the 

sea is touched, the brass cylinder, &, is pushed up, and 

strilcing the shoulder, f, of the iron piston, throws off the 

^t sling, and thus releases the weight. Thus, when the line to 

^Kvhich the instrument is attached is hauled in, it comes to 

^Kl^e surface, carr)'ing nothing but the tube full of the sea- 

^tbottom. It is by means of such instruments that the deep 

K sea has been sounded, and samples of the bottom brought 

V to the surface for scientific examination. 

The careful soundings made during these surveys revealed 
the remarkable configuration of the Atlantic sea-bed. This 
is shown in Fig. 78, which shows the contour of the floor of 

^the sea between Valentia Island off Ireland, and St, John's in 
Newfoundland. It will be seen that there is a gradual down- 
ward slope from the Irish coast, for a distance of about 200 
miles ; then there is a more rapid descent ^ leading to a vast 
undulating plain which stretches across the ocean, until it 
reaches a distance of about 300 miles from Newfoundland, 
1 from thence it gmdually ascends towards the American 
jasL Thisgreat submarine plain, which has been called the 

1 In the diaEram this descent looks like a steep cliff, Bui this is a 

on arising from the esagjjeration of the vertical height. Diawii 

le scale os in D, Fig. 7S, the inclination of the slope 13 seen to 

e than t in 25, or that of a. bill of moderate steepness. If 

B were a mere question of gradients, a wagRon could be driven along 

a-bottom from Ireland to Nenfoundland without any difficulty. 
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" telegraph plateau," has a width of more than looo miles, and 
aa average depth of more than looo fatlioms. It is almost 
unifonnly covered with a wide-spread deposit of fine creamy 
or greyish mud, generally called " ooze." When this mad 
is dried, it hardens into a grey friable substance, which may 
be used for writing on a board, as chalk is used. Moreovei, 
when any acid is poured upon the mud, the greater 




olves with effervescence, just as a piece of chalk would 
do ; and it can readily be ascertained that the ooze, like 
chalk, consists mainly of carbonate of lime. 

This calcareous ooze, however, is not mere mineral 
matter ; for, when a little is placed under the microscope, 
the greater part of it is seen to consist of such bodies as 
those represented in Fig. 79 A. Each of these consists of 
leveral globular chambers, one of which is smallest and one 
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largest, while the others are of intermediate dimeosions, 
disposed around a common centre, and adherent together, 
Each chamber has an opening in ihe face which is turned 
towards the centre; and, in the living stale, all the chambers 
are filled with a protoplasmic substance, which spreads over 
the surfaces of the chambers, and sends out long radiating 
contractile threads. The walls of the chambers are hard 
and brittle, from the laige quantity of carbonate of lime 
which they contain ; and, in the smaller chambers, they arc 
very thin and quite transparent In the larger, ihey become 
thick, and the outer part of their substance acquires a 
prismatic structure. In specimens taken from the sea with, 
great care, the outer surfaces of the chambers are beset with 
long slender calcareous processes, like threads of glass ; but 
these very readily break off. 

The bodies thus described are the skeletons of animals ofa 
very simple character, known as Glohigerina buUoides, belong- 
ing to the group which has been named the Foraminifera} in 
consequence of the numerous perforations usually visible m 
their hard parts. It has been a question whether the 
Globigerinz live and die at tlie bottom of the sea, where, 
their skeletons are found ; or, whether they live at the 
surface, and the shells in the ooze are therefore merely the 
skeletons of those which have died at the surface, and 
have thence fallen to the bottom. The investigations of 
the CMlienger have now placed it beyond doubt that, 
whether any of them live at the bottom or not, they cer- 
tainly swarm in prodigious numbers at, and a few fathoms, 
below, the surface. They were taken by the tow-net, in 
all latitudes, over an area extending for bet^veen 50° and 60° 
on both sides of the equator ; and though they abounded 
most in warm and temperate climates, they were not entirely 
' Fbraatinifera, Lat. fmamen, an aperture ; anJ fero, I carry. 
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.ibsert towards the northern or the southern limits of this 
range. 

Over the whole of this enormous extent of the ocean, 
therefore, we must imagine an incessant rain of Globigerina 
shells ; which, after falling from the surface, through perhaps 
two or three miles of sea-water, at length rest in, and add to, 
the ooze at the bottom. It is probably an over-estimate if 
we assume that the average bulk of the calcareous matter 
contained in eacli full grown Globigerina amounts to 
i.TnrJ.TRTijt'' of a cubic inch. Nevertheless, the example of 
the effect of pluvial denudation, however slow and insig- 
nificant the wear and tear of rain and rivers on dry land 
may appear to be, when continued through long ages, in 
destroying the solids of the globe, prep^ares the mind to 
view, in this incessant downpour of lime-drizzle, a no less 
potert agent of reconstruction. If we suppose that the 
total thickness of the deposit of solid matter on the sea- 
bottom, arising from the foraminiferal shower, is as much as 
one-tenth of an inch a year; then, if the present state of the 
Atlantic and Pacific oceans has existed for only ioo,ooo 
years, this apparently unimportant operation will have 
sufficed to cover their floors with a bed of limestone no 
less than eight hundred feet thick. 

Althougli the Giobtgerina shells constitute the greater 
part of the substance of the ooze, the remains of other or- 
ganisms are found with them. Among these, other Foramlni- 
fera are very common ; and especially one form, the Oibulina, 
Fig. 79 B, which is veiy closely allied to, if not a condition 
of, the Globigerina itself. 

Besides these, there are innumerable multitudes of very 
minute saucer-shaped disks, termed coccolilks, which are 
frequently met with associated together into spheroidal 
aggregations, the coccospheres of l\'allich, Fig. 79 C, D. 
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The exact nature of tiiese very curious bodies is uoi 
present known. 

In addition to the calcareous organic remains which 
constitute the greater part of the ooze, it contains multi- 
tudes of siliceous skeletons, some of which belong to simple 
anima! forms, such as Radiolaria and sponges, while otheis 
are vegetable organisms, belonging to the group of Diatoms 
described in the last chapter. The Diatoms and the Radi- 
olaria inhabit the surface of the ocean, along with the 
Globiga-ina and Orbuliiuz, but the sponges live at the 
bottom. Here and there, the remains of other animals 
which inhabit the depths of the sea, such as starfishes, 
sea-urchins, and various shell-fish, are also imbedded i 
the ooze, and contribute to the solid submarine deposit. 

It is very interesting to remark that, just as the process t 
pluvial denudation is only, in part, a conversion of solid into 
fluid matter, and, for the rest, effects a mere transference of 
solids; so, the process of reconstruction of solids, which 
takes place in the superficial parts of the ocean, by the 
agency of the Globigerims, is not permanent. Iti other 
words, there is reason to believe that the Globigerina shells 
in the ooze, at the bottom of the sea, do not represent all 
the work in the way of withdrawing calcareous ma 
from solution in sea-water, which has been done by the.' 
Globigerina at its surface. 

It has been seen that living Globigeritm are found i 
the uppermost stratum of the sea, all over the warm and" 
temperate parts of the world. Hence, it would seen 
follow, that Globigerina-ooze should be foimd covering the 
bottom of the sea over the whole of these regions ; and, 
fact, it is met with, at all depths, between 250 and 2,900 
fathoms, over an immense extent of both the Atlantic and 

B Pacific oceans. 
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But there are some areas of these oceans, occupying many 
fliousand square miles, in which the sea-bottom is covered, 
not with Globigerina-ooze, but with a red mud, which 
appears to be nothing but clay in a very finely divided 
Btate, These areas are usually met with only at a very 
great depth, over 2,500 fathoms in fact ; and the naturalists 
of the Ckallaiger observed that, in passing from the adjacent 
region covered with the ordinary Globigerina-ooze, into one 
of these red-clay areas, a region, covered with a sort of grey 
mud ("grey ooze "), iniermediate in its character between 
the Globigerina-ooze and the red clay, was traversed. Where 
the grey ooze began, the Globigeriiia shells appeared to be 
corroded, as if they had been attacked by an acid ; and, as 
the red clay was approached, they became more and more 
fragmentary, and at length altogether disappeared. 

There can be no doubt that the forarainiferal shower 
falls over the area, occupied by the grey ooze and the red 
clay, just as persistently as elsewhere. What then becomes 
of the shells ? There seems to be no escape from the 
conclusion that the calcareous matter of which they are 
composed is dissolved away. The Giobigerhm are so 
minute, that their skeletons must take a great length of time 
to subside through the three or four miles of water, which 
overlie the deeper sea-bottoms. But sea-water contains 
much carbonic acid; and, it has aheady been seen, that 
carbonate of lime, especially if finely divided, is soluble in 
such water. Hence, it is highly probable, that the fora- 
lioiferal shower is, in part, redissolved before it reaches the 

ittom ; and that, other things being equal, the greater the 
depth, the greater will be the loss suffered in this manner. 

The difficulty is to understand, not why the Globigeriniz 
should disappear from the bottom of the very deep parts of 
the ocean, but why the process of solution should be so 
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mucli hastened, at depths between 2,500 and 3,000 fathoms 
that an abundant residuum of undissolved shells is left ai 
the former depth, and none at all at tlie latter. Here is 
question whicli cannot as yet be answered. 

Again, what is the "red clay" which takes the place otl 
the Globigerina ooze? It has been suggested that it is ibe 1 
residuum left after the Gtobigerhia have been dissolved^' 
but there is no sufficient evidence that pure and clean 
GloUgeritia shells contain any appreciable proportion of, 
such mineral matter. 

An alternative supposition is, that the red clay is simp^ 
the finest of the washings of the land, which have graduallj^ 
drifted into the greatest depths of the ocean ; while anotbH 
explanation which has been otfered is, that it is the result of 
the decomposition of the volcanic ejections which are borne, 
about by the winds, and finally scattered over the surface of. 
the ocean ; and which, as a matter of fact, are found fl 
far and wide, in the shape of pumice. Fragments of 
volcanic minerals are everywhere found in the Globigerioa 
ooze ; and it is highly probable that the products of 
"volcanic showers" are intermixed with the foraminifetal 
shower all over the ocean. If this be the case, then, ia 
those localities in which the Foraminifera are dissolved 
before they reach the bottom the volcanic minerals would 
remain as the sole constituent of the ooze ; and, by their 
decomposition, they might give rise to the red clay. 

From what has been said it follows that, if, in consequent 
of one of these movements of uphea^*.l to which reference 
has been made, the present bed of the Atlantic were raised 
to the surface and became dry land, the many thousand 
square miles of new dry land thus produced would be 
found to be covered, for an unknown thickness (amounting 
possibly, and indeed probably, to hundreds of feet), with » 
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bed of softish limestone. The great bulk of this calcareous 
rock would be made up of entire, or fragmentary, Globi- 
gerina and Orbulina shells ; but it would contain, in addi- 
tion, other Foraminifera^ shells of shellfish, remains of 
starfishes and sea-urchins, and of such other animals pro- 
vided with hard skeletons as are now living in the depths 
of the Atlantic. 

It would, in fact, be a highly " fossiliferous " limestone 
with more or less silex, in the shape of Radiolaria 
skeletons and sponge spicules, scattered through its mass, 
and would constitute an element of no small magnitude 
and importance in the composition of the earth's crust. 



CHAPTER XVII. 

THE GEOLOGICAL STRUCTURE OF THE BASIN OF TUETHAMZS; 

AND THE INTERPRETATION OF THAT STRUCTURE. 

In the preceding chapters, the general character of the 
River Thames and the form of the surface which it drabs, 
have been considered ; its waters have been followed to the 
sea, and, thence, by way of the atmosphere, back to that 
surface ; while the atmosphere, and the waters of the land 
and sea, have been traced back to tlie elementary bodies oC 
which diey are composed. The river, and the rains whidl 
feed it, were next considered as a giinding and dissolvii^ 
machinery, by which the surface of the Thames basin itf 
being insensibly worn away and its materials carried down 
to the ocean ; while the sea, so far as it washes tlie bank! 
and shallows of the estuary and of the adjacent coasts, i 
shown to be a no less persistent destroyer of the dry land 
And then, seeing tliat all rivers and all oceans are engaged 
in the business of denudation and dissolution, it became ilJ 
matter of interest to discover what natural operations, i^ 
any, tend to compensate this constant wear and tear of lhc^= 
dry land. Such compensating agents were found ; 
forces which tend to raise submerged land ; in volcanot 
which transfer fluid matter to the surface, where thef 
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solidify ; and lastly in living matter ; which, on the whole, 

tends constantly to increase the solids of the glQbc, at the 

expense of its fluid and gaseous components. 

With these conceptions of the general nature of the 

agents which are now at work in modifyiliB the crust of the 

earth, it will be possible to start with profit upon a new 

series of considerations- 

The Thames basin presents, as has been seen, a surface 

«Jiversified with hills and valleys ; this surface is everywhere 
covered with a comparatively thin layer of soil, which, in 
many places has been more or less altered in character by the 
builder, the road-maker, or the farmer, and is then known as 
"madeground." But beneath this lies theiubsoil.whichfornis 
the uppermost part of the soHd floor of the basiiL It has been 
been that this subsoil varies ver>* much at different places, being 
liere gravel or sand, there clay, in another place chalk, in 
another a different kind of calcareous rock. Moreover, it has 
been incidentally mentioned, that these materials are arranged 
in layers or strata ; so that, if the floor of the Thames basin 
could be cut down vertically, the faces of the section would 
present a succession of layers, one above the other. It has 
been mentioned that quarries and railway cuttings, here and 
there, afford the opportunity of examining the strata in their 
natural relations and order of superposition. Sections of 
this kind afford direct evidence of the structure of the earth 
for only a very little way below the surface ; but more is to 
be learned from the deep borings for wells, artesian and 
other, which have been referred to in Chapter II. 

Such borings have been carried to a depth of 1,300 feet,' 
Sod they show that the subsoil of the Thames basin, in and 

' A famous boring for ivatcr at KenlUh Town, in 1854, was carried 
down to B depth of 1,302 feet. The boring passed ihrouyh 236 feet of 
I-ondon cUyj SSJ feel of Lower London Tertiaries; 645 feet of chMh ; 
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about London, is everywiiere made up of beds of gravel,, 
sand, and clay of varying thickness ; these rest upon a thick 
bed of chalk ; and, beneath this, follow strata of sand- 
stone, hardened clay, and calcareous rocks of a totally 
different character from the chalk. Wliether we travel ti 
the north, the south, and the west, or the east of London, 
we find the bed of chalk, whirh underlies London at a depth 
of upwards of 300 feet, coming up to the surface. In other 
n-ords, the layer of chalk, beneath the Thames basin, is bent 
up, on all sides, in such a manner as to have the form of a 
very shallow dish,' the bottom of which is covered « 
horizontal layers of sand and clay, while its eastern i 
is notched by the estuary of the Thanes. Passing over 
the upturned edges of the layer of chalk on the north, the 
west, and the south, other rocks, as we have seen, lie at 
the surface ; and, some of these, such as the greensand 
and the gault, are of the same nature as those whichi 
follow on the Chalk in the vertical borings. It is obvious, 
therefore, that the stratum of chalk lies on the greensand 
and gault strata, just as a basin fits inside one a size larger. 
In the western part of the Thames basin, it has been s< 
that the subsoil rocks consist of limestones, sandstones, ant 
clays. These beds are found beneath the chalk, greensand) 
and gault, some distance to the eastward. Underneath 
London, however, they are absent ; for the borings whiclt 
have been carried deep enough to traverse the chalk, green- 
sand, and gault, enter rocks which are unlike any found a 

134 feel of upper greensand; 1304 feet of ganll; and iSSj feet ofclayq 
sandstones, and conglomeratOB, which were of douhtfiil age. 

I The forni into whidi the layer of chalk is bent is altoectliei 
pendent or that of the Thames basin itself, although the two happeOi 
to a. certain eiitenl, (o correspond. Every area drained by a river has t 
more or less dish-like form, whatever may be the arrangement 
Mr.ita which constitute its floor. 
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the surface of the Thames basin ; tliough strata of a similar 

character appear at the surface, further to the west. All the 

fercDt strata which thus make up the floor of the Thames 

im contain fossil remains of animals or of plants, or of 

teth, sometimes in great abundance. 

Such is a broad and general statement of the facts which 
liave been ascertained respecting the structure of the floor of 
the basin of the Thames. How are they to be interpreted ? 
Some light may be thrown upon this question by considering 
the method which is pursued by antiquaries and archjeo- 
logists, in order to extract trustworthy history from the works 




In iSsr, during some improvements which were being 
fttUsde in Cannon Street, in the city of London, a deep 
raging exposed a section such as is represented in Fig. 80.' 
|,At some distance below the level of the street. A, an old 
rjavement, B, was found; while, deeper thaji this, and 
BSepaiated from it by a considerable quantity of soil, C, 
1 section was recorded at the lime by Mr. Clmncis. See his 



PHYSIOGRAPHY. 

' was another pavement, D, of the kind which is termed '. 
tessittaUd ; and underlying this was another bed of soil, 

There can be no reasonable doubt that the modern road- 
way, A, was laid down after the old pavement, B, and 
that this paveinent again is of later date thau the tessellated 
pavement. The three layers of soil, those between the 
pavements and that above the pavement, , B, contained , 
fragments of pottery, corns, and other articles, such as are ' 
apt to accumulate in the rubbif;h of great c 

Taking all the circumstances of the case into consideni' 
tion, this Cannon-Street section affords to the archEologist 
sufficient grounds for the conclusion, that human beings, 
occupied this locality for a very long period ; though it 
would be quite impossible to say how long, without inde-" 
pendent evidence. Moreover, as the pottery and othet 
relics in the layer E, are of a totally different charact^ 
from those in the layer C, the archieologist would bCj 
justified in supposing, either that the people who inhabited!' 
the locality during the time represented by E, were of 
different race from those who inhabited it during [he t 
represented by C ; or, if the same, tliat their posterity had- 
undergone some great change. 

If the relics in the layers E and C, were unlike an 
thing known, the conclusions of the ajchfeologist thus S 
would be quite justifiable, but he could get very little further 
As a matter of fact, however, when the rehcs in the bed t. 
are compared with what are known, on independent groundi, 
to be the coinage and pottery-work of the ancient Romans, 
they can be identified with the latter ; while the tessellated 
pavement is no less characteristically Roman. On theoibet 
hand, the coins and other objects in the stratum C, hav 
the characters of those which are known, from independent 
evidence, to have been produced in England, in the period 
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which ranges from the Norman conquest to the sixteenth 
century. Hence it might be concluded that the pavement 
B, was put clown, at least as late as the sixteenth century ; 
and this inference is confirmed by the fact, that such a 
pavement was known to exist in the locality, before the 
great fire of 1666. 

Thus it will be observed, that the genera! conclusions de- 
duced from the character and contents of the successive beds 
of made ground in Cannon Street, are fully borne out by 
independent evidence ; and, if nothing were known of the 
ancient history of England, beyond such archieological facts 
as these, they Would leave no doubt as to the fact, and the 
relative age, of the Roman occupation. 

The principles, on which the interpretation of the Cannon 
Street section rests, are two : lat. In such cases as that under 
consideration, the uppermost stratum is the latest formed, 
and the lowest, the oldest, and. The similarity of bodies 
having a definite form and structffre is presumptive evidence 
of the similarity of ihetr origin. It is the former principle 
which justifies the conclusion that the pavement B is older 
than the pavement D ; it is the latter, which leads us to 
say that a piece of pottery is Roman rather than English. 
All the conclusions as to tlie history of the earth, deduced 
from the structure of its crust, are based upon analogous 
principles. If certain strata can be shown to have been 
deposited by aqueous agencies, then the uppermost of these 
' is the newest, and the undermost is the oldest. If 

! fossiis whicii are embedded in these strata can be 
■ed to be similar, in all essential respects, to the hard 
s of living animals and plants, then they are evidence 

n much disturbed regions of Ihe earth's surface Ibe strata may be 
lUy termed upside Jown, so that the newest are underneath ; but 
It iflect the general principle. 
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of the existence of such animals and plants, antecedent to, 
or during the deposition of, these strata. 

On referring again to the Cannon Street section, it is seen 
lh.it below those deposits of soil, which show, by the charac- 
ter of their embedded remains, that they are of Roman date, 
there is first a thin layer of clay, and then a deposit of gravel, 
F. These lower beds did not yield, at this locality, any 
relics of human workmanship ; and, indeed, the explorer 
who examines them soon finds that he is dealing with 
deposits in which neither Englishman, Roman, nor BritOQ 
has left any mark. 

The gravel exposed in this section forms part of a wide- 
spread sheet, which covers a large portion of the valley of 
the lower Thames. Its range in the neighbourhood of the 
metropolis is shown on Fig. 81 ; which is a map, giving the 
area of the superficial deposits, or "drifts," as they are 
sometimes called,' in the Thames valley between Kingston 
and Woolwich. The dotted part shows the gravel as 
exposed at the surface. T!iis gravel consists, principally, of 
rounded and subangular pieces of flint, derived from the 
chalk, the spaces between the stones being mostly filled with 
sand. The origin of so vast a deposit of gravel is by no 
means clear; but there is reason to believe that much of it 
(3 an old river-gravel, formed by the Thames when the river 
flowed at a greater height, and, probably, with much largCT 
volume, than at the present day. 

Along the banks of the Thames, and of most other rivers, 
it is not uncommon to find successive terraces of gravel, 
which mark the height at which the river flowed at different 
periods. Thus in Fig. 82 (which is a section from Wimbledon 

' So culled becauw it \vaf foroierly believed ttat such deposits hfti 
been driven over the surface by great floods. The word is eonveni- 
enlly retMned wltbont any reference to the oricin of such deports. 
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Dss the river U'andle, similar 
s believed that the river {R) 
: higher terrace, No. i, and 
then cut its way down to the lower, No. a. The highi 
deposit is consequently the older, and is distinguished snmi 
limes as the high-lsvd gravel ; while the lower deposit, which 
is of more recent age, is known as tlie loiti-Zeiiel or i^aliey 
gravel. In a section of strata, such as that in Cannon 
Street, the uppermost beds are the most recent; but, on 
the banks of a river, the higher deposits are presumably 
the oldest, and will contain the remains of animaLs that 
inhabited the valley before the river feachcd its lower level. 




In many places around London, the sheet of gravel is 
overlaid by a thin deposit of brownish loam^ represented on 
the map as brick-earth, since it is largely worked by brick- 
makers. This earth forms an excellent soil for vegetables, 
and many of the market-gardens at Fulhani and elsewhere 
are situated upon it. It is probable that this brick-earth 
has been thrown down by the river in flood. When the 
Thames has overflowed its banks, it has deposited silt upon 
the neighbouring land ; or, possibly, fhers may have been a 

' Thtre is no real contridiction here. TTie higher gravel'; of the 
river valley do not lie upon, but only at a higher level than, ihe lower 
grnvels. There are no exceptions 10 the rule, that of two strata, ona 
Bnpetim posed on the other, deposited by water action, the njfpEr is the 1 
more recent, if the beds have not been disturbed since their depoeiti 
"a sandy clay ; mart a calwreons clay. 
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time when the river spread oin, at certain parts of its course, 
into wide lake-like areas, and (luietly deposited mud and 
sand at the bottom of these sheets of water. The strips of 
alluvium (p. 142) deposited by the river along its margins, in 
comparatively modern times, are also indicated on the map, 
Fig. Si. This marshy land, bordering the Thames and its 
tributaries, spreads out below London into wide flats ; and 
it occasionally contains shells, bones and other organic 
remains. Of the vegetable relics, which are found in some 
of the marshes, and indicate the site of an ancient forest, no 
mention need be made here, since they have already been 

(Oticed at p. 21a, 

■ Fossils are not confined, however, to the comparatively 




|bdem mud which forms the alluvium of the Thames j but 
<f are also found, more or less abundantly, in the older 
[Wrficial deposits, such as the gravels and brick-earths. 
i, they are especially abundant in the brick-earth which 
iworked at Erlth and Crayford in Kent, and at Ilford and 
Crays in Essex; while, above London, they have been found 
nds and loam of Brentford. Many of these fossils 
are land and fresh-water shells, which once lived in the 
river and on its banks; and are, for the most pari, not 
different from those Uving in the locality at the present day. 
Some few of the shell-fish, however, have long ceased to 
, dwell in the rivers of this country, though still found in 
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oth;r parts of the world. Such, for example, is the litlle 
shell represented in Fig. 83, and known as Cyreiia, or 
CorbUula, fiumiitali!. This is not uncommon io the old 
deposits of the Thames, but is not living at the present time 
in any English, or indeed in any European river, though 
it is still found in the Nile and in Kashmir. 

While the shells of the old Thames deposits represent 
species, most of which are still living in Britain, it is far 
otherwise with the bones which are found in the same beds. 
Many of these bones, indeed, are those of animals extremely 
different from any which now inhabit this country, or are 
known to have inhabited it within historical times. And, 
yet, there can be no doubt that the animals which have left 
tliese remains, once lived and died within the area of the 
Thames basin. Just as the coins or the pieces of pottery 
which are found in old "made ground" beneath London, 
are unquestionable relics of the people who dwelt in 
city, when the soil was in course of accumulation ; so, these 
bones represent the animals which roamed over the Thames 
valley during the period when the deposits in which they 
occur were in course of fonnation. 

When the brick-earths of Kent and Essex were being 
deposited, the fauna, or aniraal population, of the Thar 
basin, included, in addition to many animals still living 
here, a number of extinct mammals,^ such as the mammoth 
{Ekpitas primigenius) ; this was a kind of elephant adapted 
to live in a cold climate by having a thick woolly coat . 
Fig. 84 represents a restoration of this extinct elephant.* 
Another species of elephant [E. antiguus) also lived in tiiCr 

' Mammals, from Lat. tnamma, breast ; a great group of back-boned 
animals which suckle their young. 

' This is reduced from Brandt's figure in his Mitlktitungm iiber dk 
' ^rgescAk&le da Xfammiitk edcr Mament. St. Petersburg. 18" 
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Thames valley ; and along with the elephants were three 

listinct kinds of rhinoceros (Jf. iiWiirrAinus, Ji. tnegarJiinus, 

nnd R. hemilachus). All these animals are extinct; but the 

hippopotamus which lived in the ancient Thames is not to 

I. be distinguished from that now dwelling in Africa. The 

brick-earths also contain the remains of a species of lion 

{^Felis spdrea), no longer living, but which is likewise found 

in some of the bone-caves of this country. Among other 

^banimals which lived here, at the same period, may be 
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baentioned the brown bear, the grizzly bear, the spotted 

ind two kinds of large wild oxen, — the bison and 

fee urus. The gigantic Irish " elk " {Cervus m/gac/ws), which 

V extinct, has also left its bones in the brick-earth ; and 

P*rofessor Boyd Dawkins found, at Crayford, a skull of the 

-sheep {Ovibos moschatus), which is a creature living at 

; present day only in Arctic America. Most of these 

represented, not by a mere bone or two, indicating an 

isional straggler, but by remains so abundant as to show 

animals whicli Uiey represent were important 
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members of the old fauna. Thus, the collection of Sir 
Antonio Brady contains portions of nofevrer than a hundred 
elephants, all collected from the brick-earth of Uford. 

Such, then, is the curious assemblage of animals which 
fed at one time in the valley of the Thames, and have left 
their bones and teeth in the ancient deposits of the river. 
Some of these mammals have since died out, anc 
longer to be found in any part of the world; others have 
wandered to the south ; while others, again, have retreated 
northwards, a few, however, still remaining in the present 
fauna of the country. The strange association, in the same 
deposit, of both northern and southern forms — these i 
dicating a warmer, and those a colder climate — offers per- 
plexing evidence as to the climatic condition of the country 
at the time in wiiich they lived. It is certain, however, that 
at one time, the climate of the Thames basin must have 
been extremely severe, since some of the deposits ii 
northern districts present unmistakable evidence of the , 
prevalence of glacial conditions (p. 165). Evidence of the 
kind given in Chapter X, shows that there must have been a 
time when Britain, north of the Thames, was covered either 
ivith !and-ice, or with an icy sea, from which the boulder clay _ 
and glacial gravels were deposited. Possibly, some of the 
gravel in the Thames basin may be glacial drift, which has 
been disturbed and re-deposited by the river. And, it should 
he mentioned, that the remains of the reindeer are abundant 
in many of the superficial deposits of the Thames valley, 
though not in the brick-earth, which has yielded so many of ' 
the fossils previously noticed. Indeed, the relation of this 
brick-earth to the glacial period is by no means clear ; some > 
geologists believing it to be more, and others less, recent 
llian the true glacial drifts. 

extremely interesting question to determine 
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whether man shared possession of the Thames valley with 
the group of animals, the remains of which are found in the 
old fluviatile deposits of gravel and brick-earth. In the British 
Museum, there has been, for many years, a rude spear-shaped 
weapon ia black flint, represented in Fig. 85. This was 
found, associated with an elephant's tooth, in an excavation 
near Gray's Inn Lane, London j and a description of it was 
published as far back as 17:5. It is indeed the earliest 
icorJed relic of human workmanship which has been found 




from Gisy'i Inn Lane. 




it association with the ancient fauna of the Thames Valley. 

■ late years, however, considerable attention has been 

n to the subject, and many other flint implements have 

1 discovered in the high-level gravels of the Thames 

Acton, Ealing, Hackney and Highbury are localities 

: London which have yielded such implements; and 

they have abo been found in numbers, between Heme Bay 

and the Reculvers, where they have fallen out of the gravt-l 

which caps the chalk cliffs of the North-Kent coast Even 
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the brick-earths of Crayford and Erith have yielded a worked 
flint or two; though no implements of the type noticed 
above. So many of these flints have been found in the old 
gravels, not only in the Thames Valley but in various other 
parts of England, and also in the valleys of northera 
France, tliat there is no reason to doubt the existence of 
man, in this part of tlie world, during the period at which 
the older river-drifts were deposited, Moreover, some of 
these inipleroents have been found in such close associa- 
tion with the bones of extinct animals, that there is equally 
little doubt as to the co-existence of man with the old fauna 
of this period. It is probable, indeed, tliat the early flint- 
using- man came hither fiom the continent with some of the 
extinct mammalia ; at a time when Britain was connected 
with the European mainland by an isthmus occupying the 
position of what is now the Straits of Dover, 

Flint implements, such as that represented in Fig. 85, 
art tlie oldest known relics of man. They indicate a time, 
before the commencement of history in Western Europe, 
when man was ignorant oF the use of metal, and fashioned 
his weapons and implements out of stone. The more 
ancient of these prehistoric implements, such as that in 
Fig. 85, are simply chipped into shape ; but other stone 
implements occur, which are neatly ground, and even 
polished. Fig. 86 represents a stone cdl^ which was 
dredged up from the Tliaraes, at London, and is now in 
Mr. Evans's collection.^ These more highly finished stone 
implements are never found in the old high-level gravels, 

' Crlls, from Lai. ciUis, a. chisel ; not, as often supposed, bcfause 
they were used by the people called Cells. 

• Figs. 8S and 86 are reduced from figures in T/u Aniirtit Stoni 
Implmients, Wtapom, and Ornaments 0/ Crral Britain. By John 
i,F,R.S.,&c 187?. 



or along with the exlinct manimalia ; but are confined to the 
most superficial deposits, and to the present level of the 
river. That period in which man was in the habit of using 
implements exclusively of stone is known to antiquaries as 
Ihe stone age; and Sir John Lubbock has distinguished the 
early part of this period, in which unpolished stone was in 
use, as 'Caf: paleolithic'^ age, and the later [leriod, when man 
had advanced to the stage of grinding and polishing his 
weapons, as the neolithic^ age. Fig. 85 represents therefore 
a palseohthic, and Fig. 86 a neolithic implement. 

All the deposits hitherto described in this chapter— such 
as the gravels and brick-eartlis — consist of loose materials 
distributed in patches, more or less extensive, over the 
surface of the solid rock. Hence, they are classed together 
by the geologist as " superficial deposits ; " and are not 
represented on a geological map, unless the map be con- 
structed for the special purpose of exhibiting the surface- 
geology, as in the case of the little sketch-map. Fig. 81. 
An ordinary geological map shows, in fact, thy kind of rock 
which would be exposed on the surface of the ground, if the 
superficial deposits were removed. In some cases, there 
are no deposits of this kind, and then, of course, the actual 
rock of the country is exposed. The map of the basin of 
the Thames given in Plate V., is coloured, in such a 
manner, as to show what rocks would be seen on the face 
of the country, if it were not obscured by gravels, loams, 
and other superficial accumulations. 

The small areas of light brown tint in Surrey and Berts 

represent the highest, and therefore the newest, beds within 

_the Thames basin. They are well seen in the sandy tracts 

ilBagshot and Ascot Heaths; and, from the former of these 



' Neolithic, from 
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, old ; Xlfloi, lithos, stone. 
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localities, the deposits in question have received their n 
of Bagshot beds. It has been akeady explained (p. 25) 
that the hills of Hampstead, Highgate, and Harrow s 
capped by Bagshot sand ; but these areas are too small to ■ 
be represented on the map. Very few fossils occur in these 
sands, but those which have occasionally been found ; 
fragments of marine shells, thus showing iliat the area 
which they occur has been, at some time, under the s 
There is little doubt that the Bagshot sands were once spread 
over a wide surface in the lower part of the Thames bas 
and that a great portion of thera has since been removed by 
deundation. 

Reference to Fig, 7 {p. z6) will show how the Bagshot 
sand usually rests upon the London Clay. This clay, whidl 
is the next rock in passing downwards from the Bagshot^ 
beds, is represented in Plate V. by a dark-brown colour, i 
is seen to cover a very wide area. It is. for the most part,' 
a stiff brown clay, which has evidently been deposited, aa 
fine mud, upon the bottom of the sea, not faj from land< 
In fact, in the Isle of Sheppey, the clay has yielded a great 
variety of vegetable remains, some of which indicate a very 
wa n n o say tropica!, climate. I'hus the fruit of the 
NJ- d presented in Fig. 63 (p. 230) has its modem 

p n es in Bengal and the Asiatic Archipelago, . 
bu h of terrestrial vegetation indicate that land could 

no ha b n far from tlie water in which the clay wa 
] d, and the occurrence of the bones of crocodiles also - 

lends to the conclusion that the Sheppey clay represents the 
delta of some ancient river. On passing from Sheppey 
tov;ards I^ondon, and farther to the west, the vegetable fossils 
of the London clay disappear, while marine shells are ti 
found locally, as at Highgate. Many of these shells, though 
they belong to extinct animals, resemble those which are 
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conlmed at the present diy to wanner seas , I ig S;, !or 
e\ample, is a fossil tVautiliis a genus nhich is represenleil 
by several species in the London claj When it is re 
membered that, beneath London, this cla> is about 400 
feet thick, it will be readil> admitted that such 1 deposit 
of fine muddy matter muat have required an enonnous 
penod of time for its deposition Moreoier, it must be 
borne in mind, that, 10 tbe t^se ot this clay, as of so mani 
other sedimentary deposits, the present thickness does not 
necessarily indicate its original thick 
ness, for much may have been re 
moved by denudation 

Beneath the London clay of the 
Ihames basin, there is a series of ' 
comparatively thm beds, known as 
the Lower London Tertiaries. These 
corae to the surface along the edge 

of the clay, as it rises from the * ""fitimTiiri^'a "0 Xy"""' 
margin of the basin, but their 

width is too small to admit of representation on the map 

in Plate V. Their position, however, is indicated in Fig. 11, 

(p. 3 1). The uppermost members of the group consist of 

rolled flint pebbles, which evidently represent an old beach 

of shingle, associated with sands, which often contain marine 

shells. These beds are known, from the locaUties in which 

they are best exposed, as the Blackhcath or Otdhaven beds. 

They are succeeded, below, by clays, some of which are rich 

in siiells similar to those now living in brackish water; whence 

't is concluded, that the beds must have been deposited in 

an estuary. From the two localities in which these strata 

ai-e typically developed, they are known as the Woolwich 

*^^id Heading beds. Below these, come the Thanet beds, of 

^^liich good exposures may be seen between Heme Bay and 
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ihe Reculvers, and in Pegwetl Say, in the Isle of Thanel, 
where they consist of sands containing marine shells. 

All the strata noticed above are classed together in one 
great group known as the Tertiary or CainoioW^ series. The 
former name refers to the fact that geologists have been led, 
in their study of the earth's crust, to recognize three great 
groups of rocks, of which, those hitherto described in thus 
chapter, represent the uppermost or third, reckoning from 
below upwards. The Tertiary series, as developed in the 
London basin, comprises all rocks, from the Thanet sands 
below, to the Bagshot beds above. Over this Tertiary 
group, come the glacial drifts, and river-gravels, which are 
sometimes grouped together as a fourth set of deposits, and 
are consequently known as the Quaternary seiies, while by 
others they are called Post-tertiary formations. While the 
Tertiary beds are succeeded above by the quaternary series, 
they are followed Moto by another great group, known as 
the Sfcondary or Mesozoic'^ series, of which the uppermost 
member is the well-known chalk. 

The pale-green tint on the map (Plate V.) covers a la^ 
area occupied superficially by the Chalk; while the rela- 
tion of this rock to the overlying Tertiaries may be seen 
in the coloured section in the same plate,' and has already 
been shown diagramraatically in Fig. ii (p. 31). The 
ground formed by the chalk usually consists, when not 
covered with drift, of gently undulating downs, carpeted 
with soft turf. Good examples of chalk scenery may be 
seen in the North Downs of Surrey and Ken^ and ini 

' Cainnmic, from ■mi'ls, kainos, recent ; faoc, awn, aii oi^anism. 

» Misaaiic, from ^*Voi, maos, middle. 

' Tliis section, drawn by Mr. Whitaker, of the Geoli^ical Survey, is 
suppose:! lo b^ taken nlong the line, A B, on the map. Tlie vertiral 
Ecale of the section is abaut twelve times greater than the Iioriioiital 
•csle, and Ihe Ijller is evidently larger than that of Ihe map. 
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Salisbury Plafn ; while, along the south-eastern c<Jast, it 
forms those dazzling white cHlTs which gained for this island 
the old name of Albion. The chalk, which, beneath London, 
is 600 or 700 feet thick, is chiefly composed of carbonate of 
lime, in some parts interspersed with beds of flints, which 
are nearly pure silex. There cannot be the least doubt 
that the chalk represents the mud of an ancient sea-bottom, 
for multitudes of remains of animals have been obtained 
from it, most of which belong to such groups as are ex- 
clusively marine at the present day. The area once occu- 
pied by the chalk was therefore, at one time, covered 
And it may be further concluded tliat it was at 
some distance from any extensive land, inasmuch as the 
alk contains no such mixture of clay and sand, as would 
derived from denudation. But there is another reason 
: believing that the chalk ocean was pretty deep; that 
i to say, over too fathoms. If a slice of chalk is cut, 
ground thin, and mounted in Canada balsam, so as to 
[become transparent, shells of Foraminifera may almost 
lys be detected in it; and, sometimes, they abound. The 
commonest form is a Ghbigerina, indistinguishable from 
(hat which constitutes the bulk of the Atlantic ooze. 
Moreover, coccoliths and coccospheres are plentiful in the 
which thus differs from the ooze, chiefly, in the 
peater proportion of granular particles, without any de- 
; shape, to recognizable organic remains; and, in the 
totire absence of those siliceous shells and skeletons, which 
jwe so constant in the oone {Figs. SS and 89).^ 

The former difference presents no difficulty. The chalk 

, of chalk from Little Hampton, on tfie 
which is placed by it; side for compari- 
lantic ooic, taken by Captain Dayman 
Both figures are magnified to the same 
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may have been formed in just the same way as the Globi- 
gertna ooze which is now being deposited and the pro- 
portion of shells which have been broken doivn into mere 
dust tnaj ha\e been increased b> the pressure to which it 
has been subjeoted, while in some parts the original 
structure may have been often more or less completely 
obliterated by the percolation of water just as in coral 
rock, the shapes of the component corals become lost, 
and in diatomaceous deposits (Chap XIV ) the indivrduaT 
diatoms run into a sort of opal from the same cause 




'\^ ith regard to the second difference, it may be remarked, 
that there is no reason for doubting that the ocean, undet 
winch tlie chalk ms deposited, contained as great an abuit- 
dance of oi^anisros with siliceous coats and skeletons, as: 
the present Atlantic The conclusion is, therefore, that 
huch bikceous FLmams lia^e once existed in the chalk, but 
ha\e been dissolved and it is supported by the fact, that, 
even the sponf,e6 the remains of which are found in 
chalk m great abundance, have lost the siliceous spicula 
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which existing sponges of similar kinds always contain. 
On the other hanti, the chalk contains flints, of which no 
trace is found in the ooze. On the whole, it is probable, 
that these flints represent the siliceous organisms which 

iwere contained in the Cretaceous ooze, when it was de 
bosited, but which have been dissolved up by percolating 
water, and re-deposited in the shape of amorphous silex ; 
Just as the diatoms in the Bilin beds have been dissolved 
imd re-deposited as opal. 
' The lowermost beds of the chalk rest upon sandy de- 
posits, which are termed the C/p/ier Greerisatid. Some of 
these sandy beds are not the mere mechanical detritus of 
siliceous rocks, but contain numerous greenish grains of 
definite and weli-marked fomis. They are, in fact, the casts 
of the internal cavities of foraminifera! shells in a compound 
of silica, iron, and clay, which is known as silicate of iron 
and aluminium. This substance has been deposited in the 
cavities of the shells, the calcareous matter of which has 
been subsequently dissolved away, and has left the hard 
cast behind. A similar sandy deposit is taking place off 
I the eastern coast of the United States, upon the Agulhas 
■ bank, near the Cape of Good Hope, and elsewhere, at the 
^present time, in depths varying from ico to 700 fathoms. 
f A tolerably deep sea, therefore, covered the area now 
I occupied by the chalk, not only during the time which 
\ *ras occupied by the deposition of the chalk, but ante- 
JCedently to that period. 

we can carry the evidence of the existence of a 
■Sea covering the western part of the Thames basin, to a 
Itill more remote period. The organic remains which are 
pfilund in the lower cretaceous strata and in the oolitic and 
|))assic beds, which underlie the chalk, and are exposed in 
s region, are chiefly those of marine animals. In the 
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neighbouthood of Oxford, beds of the oolitic series are 
exposed, which ate so rich in fossil corals that they go by 
the name of the Coral-rag. These corals resemble those 
which are now forming reefs, and the coral-rag itself is 
altogether similar to modern coral-limestone ; so that there 
can be no reasonable doubt that the coral-rag is the product 
of the reefs of a sea, which covered this region long before 
the chalk began to be deposited. 

Putting all these facts together, it becomes clear that 
the present condition of the basin of the Thames was 
preceded by one in which the river flowed at a liigber level 
and the climate was much more extreme, if not much colder, 
than it is at present, during which the quaternary deposits 
were fonned. Antecedent to this, was a period in which 
the region, at present covered by the London clay, was a 
great estuary, and the climate was much warmer than at 
present. This was preceded by the period during wfiich the 
chalk was deposited, when the greater part, if not the whole, 
of the Thames basin was far beneath the surface of the sea ; 
and a similar condition appears to have obtained as far back 
as positive evidence carries us. 

It furtlier becomes certain, that the whole thickness of the 
floor of the Thames basin, from the Eagshot sands to the 
furthest point reached by the borer, is nothing but raud 
which has been accumulated, by various agencies, at the 
bottoui of the sea, and which has subsequently been up- 
heaved. Much of this mud represents the denudation of 
the land surfaces, which were contemporaneous with these 
deposits; but still more is the work of animal life. Upheaved 
into dry land, the rain has worn and excavated its surface, 
and accumulated into streams, which, gradually cutting 
their way deeper and deeper, have at length, produced the 
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varied contours of the present Thames basin. Thus, para- 

doxical as it may sound, the river is older than the hills 

imd dales amongst which it flows, and which appear to 

ietetmioe its course. 

If the question be asked, how long a lime has been 

■occupied in the formation of the floor of the Thames basin ; 

|,the only reply which can be given is, that most certainly it 

s of enormous duration, but that there are no means of 

I estimating it with accuracy. The whole mass has been 

Iconstmcted, as has been seen, of tlie products of denu- 

f dation or of those of vital processes. There is not the 

kast reason for supposing that either of these products were, 

on the average, formed more rapidly in those ancient times 

than they are now ; and there is independent evidence, that 

some of these rocks, such as the chalk, were deposited very 

Kxlowly. It may be taken to be certain that the thickness 

\^ chalk which represents a year's accumulation in the 

i ocean, is but a small fraction of an inch. But 

Mppose it were an inch; then, as the chalk beneath 

!.ondon is 600 feet thick, it follows that this bed alone 

presents 7,200 years, 

1 point of f.ict, however, not only is it almost certain 
we should be much nearer the truth, in assuming that 
e chalk beneath London took ten times as long as this to 
iMiumulate ; but, it can be proved, that the strata which 
B the chalk, in the London basin, represent but a mere 
of those which have been deposited elsewhere, 
; the time at which the chalk was formed. The most 
[gardly computation which lies within the bounds of 
robability, presents us with a sum total of several hundreds 
f thousands of years, for the time which has elapsed since 
e sea, of which the chalk is the bottom-mud, flowed over 
e site of London. 
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The study of the fossils contained in the strata of the 
Thames basin is not only of essential importance in proving 
the changes which have occurred in its physical geography, 
but it brings to light other remarkable facts in the history of 
the region. It has been seen diat animals, which now live in 
bodi colder and warmer climates than those of the Thames 
basin, are found associated together in the drifts ; and that, 
in die older rocks, the remains are such as resemble the 
present inhabitants of wanner climates. But, while the great 
majority of the animals and plants of the drifts are identical 
with, or very similar to, those which now live somewhere or 
other; the inhabitants of the world in former ages becomeless 
and less like those which now exist, as we go back in time. 
Thus, although in their general character, the animal 
remains of the London clay resemble those of animals now 
living in hot climates, it is only a small percentage which are 
identical with living forms ; while the rest have altogether 
vanished and become extinct. In the chalk, this feature is 
still more marked. Of the many thousand beautifully-pre- 
served kinds of animal remains which have been obtained . 
from that formation, only a very few of the lower forms are 
identical with species new living. Hence, notwithstanding I 
the similarity of the chalk to the GloMgerina-oaze, the I 
remains imbedded in the former at once distinguish it from. | 
the modern deposit. I 

The common-sense reasoning which deduced from the )i 
facts of the Cannon Street section, the conclusion that a 
people, having the language and customs of the ancient 
Romans, preceded the English inhabitants of that locality, 
applied to the subjacent strata, has permitted no doubt that, 
at some period before the Roman occupation, the Thames 
valley was the haimt of savages armed with flint weapons j 



that elephants and rhinoceroses, bears and hysenas, roamed 
through its forests ; and that the hippopotamus wallowed in 
the streams of what was, in all probability, a river of much 
larger dimensions than the present Thames. Arguments of 
similar cogency have led to the conclusion, that the solid 
floor of the Thames basin, throughout the thirteen hundred 
feet of thickness which have been directly explored, owes its 
origin to agents of denudation and reconstruction, such as 
are at work at the present day; and testities to the general 
uniformity of nature, throughout a period which must be 
counted by hundreds of thousands of years. 

Looking at the record of the past history of the Thames 
basin, as it now lies before us, it would appear to indicate an 
uninterrupted progress from marine to terrestrial conditions 
—as if the bottom of the ancient sea had been gradually 
upheaved and converted into dry land, after the deposit of 
the Tertiary strata. But, it must be recollected, that the 
ordinary stmtified deposits accumulate only under water. 
A dry land surface leaves no indication of its existence, 
eicept so far as it may support fluviatile, or lacustrine, 
■ deposits ; or be ovei^own by a vegetation, thick and strong 
it to be swept away in the next period of sub- 
mergence. Thus it is possible, and indeed probable, that 
e ancient rocks which lie beneath the chalk and gault, were 
dieaved and remained as dry land, for an immense period 
:r their formation, and were submerged, and became part 
f [he floor of the ocean, only at the end of the Secondary' 
aiod. The chalk may have been a dry land surface for ages 
B the formation of the London clay estuary ; and the 
:r part of the London clay itself, with its superjacent 
gshot beds, has probably been dry land, ever since the 

r were first upheaved. 
There is no reason to believe that any one of this vast 
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I of changes in the physical geograpliy of the 
Thames basin, has been brought about otherwise than 
gradually. In all probability, no human inhabitant of the 
region which lias been the seat of these changes, would have 
been more inclined to doubt that things always had been 
as he saw them, tliat we are at present And, although it i 
is demonstrated that the living population of the regioi 
undergone so thorough a cliange, that hardly a species which 
inhabited sea, or land, in the Cretaceous period, is to be . , 
found in, or near, the Thames basin of the present tim 
is probable that, at any given epoch, the most observant | 
and accurate naturalists might have continued their obser- 
vations for centuries together, without being able to discover ' 
that the fonns of animals and plants were other than fixed j 
and permanent. Twenty generations of day-flies, however J 
sharp their eyes, would fail to make out that the planet"! 
Uranus changes its place in the heavens. 



CHAPTER XVni. 

DISTRIBUTION OF LAND AND WATER. 

The disquisitions contained in the preceding chapters have 
been devoted to the description and the elucidation of the 
phenomena offered to common observation by a single 
river-basin — that of the Thames. But, it has been in- 
cidentally remarked, that this is only one of the many river- 
basins of Great Britain ; and it is now needful to see what 
lies beyond its boundaries. If we cross its northern water- 
parting we enter the basin of the Ouse ; if we proceed west- 
wards, we pass into that of the Severn ; while, to the south, 
lie the basins of the Medway, which is almost an affluent of 
the Thames, and of several smaller rivers. Each of these 
basins, or any which lie beyond them, might have served 
as our text ; though few are so well adapted for the purpose 
as that of the Thames. 

Passing from river-basin to river-basin, the observer 
would find bolder reliefs than he has met with in the 
Thames valley, in the almost mountainous hills of Wales, 
Cumberland, and Scotland ; the strata would often possess 
a dififerent composition, and would contain organic remains 
of other kinds ; and the rainfall and other climatal con- 
ditions would, sometimes, differ widely firom those of the 

1 Prof. Ramsay's Physical Geology and Geography of Great Britain 
should be studied by those who desire further information on these subjects. 
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Thames basin ; but there would be nothing i 

genera! truths exemplified by the study of these addition^ 

facts. 

Whatever direction the journey of the traveller frooi 
London might take, he would, sooner or later, reach s 
water, which, whatever its local name, is realiy a dependence 
of the Atlantic Ocean; and he would, thereby, convince 
himself that the land of Great Britain constitutes what 
geographers term an island. Indeed, it is an island of n* 
great magnitude ; for there is no point of its surface fi'Oin 
which the sea coast may not be reached, by three days' good 

Of a roughly triangular form, it measures about 600 milef 
from south to north, by about 320 miles from east to west, 
at its broadest part ; and its superficial i 
89,644 miles. In other words, i 
equal to that of a square, 300 m 
= go,ooo). There is no subjei 
have more vague ideas, 
of the different parts of the earth's surface ; and it will be 
useful, in considering other parts of the world, to take th*. 
area of Great Britain as a unit of superficial measurement 
represented by the Roman numeral I. Thus 1. wM 
represent 90,000 square miles ; II. 180,000 ; \ 45|Ooo, ao^ 
so on. 

Separated from Britain on the west, by a aoa which il 
not more than thirteen miles wide, where it is narroweK 
(between Fair-head and the Mull of Cantire) is another 
island of considerable size, that of Ireland. This island, 
measures 300 miles fixjm north to south, by iSo miles, fron 
east to west, and has an area of 32,513 square miles (f)l 
Moreover, fringing the west coast of Brit.iin, especially in 
its northern part, and extending beyond its norther 



s superficial area is near!] 
les in the side (300 x jot 
t respecting which peopli 
regard to the relative areai 



tin.] LAND AND WATER. 3or 

ere are numerous smaller islands, such as the I-Iebrides, 
the Orkneys, and the Shetlands. There are a few small 
islands off the eastern and the southern coasts; but only 
one, the Isle of Wight, is of sufficient magnitude to make 
it worth mention. Soundings, taken in the seas which 
snrtound the group of British islands, show that they all 
rise from a sort of submarine plain, which slopes gradually 
downwards, from ihe eastward, to the westward. In the 
German Ocean and the British Channel, as the seas in 
the east and south are termed, the depth of water rarely 
exceeds fifty fathoms (300 feci); and, to reach a general 
depth of as much as loo fathoms, we must sail many miles 
to the north of the Shetlands ; or to the west of the 
Hebrides and Ireland ; or still further to the south and 
west of Cornwall. (Fig. go, p. 302.) ^ 

This shelving plateau is a westward continuation of 
the shores of Norway, Denmark, Holland, Belgium, and 
France, which form a continuous coast line to the eastward 
of Britain. They are separated from it by an extent of sea, 
which is very narrow (twenty-one miles) at the straits 
of Dover, but gradually widens to the north-east and south- 
west of that point. 

On crossing this narrow strait, the traveller sets foot upon 
the largest continuous mass of land in the world. Starting 
ihence towards the east, and bearing a little to the north, he 
might travel for more than 7,000 miles, through northern 
e and Siberia, without seeing the sea, until he struck 
ts shores in Behring's Straits ; at the narrowest part of 
1, he would be separated, by only thirty-six miles, from 

\f opposite shore of North America. A more circuitous 

Bte, through Eastern Russia, and then, by waj' of Armenia 
1 Syria, to Egypt, would enable the pedestrian to travel 

' From De la Eeclie's Rc-sjaiches in Tkiorilkid G^og}: 





by a foot passenger from any point of this expanse of dry^-* 
land ; the longest dimension of which, from the west coast*' 
of Africa to Behring's Straits is somewhere about is,ooc=^ 
miles. 
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The lotal area of this great surface of dry land, which, 
ivith its islands, constitutes the Old World Qi geographers, is 
33,682,460 square miles {CCCLXXIV. nearly). Although it 
is surrounded by water on all sides, it no longer receives the 
name of an island, but is termed a conitnait; or is more 
usually regarded as composed of the tliree continents of 
Europe, Asia, and Africa. Between the two former, there 
is no natural demarcation, and they would be, for most 
purposes, better spoken of as one region, under the name of 
Eurasia. But Africa is obviously marked otf from the rest, 
in consequence of its connection with Eurasia only by a very 
narrow neck of land, the Isthmus of Suez, now cut through 
by the Suez Canal. 

The surface of Eurasia and of Africa is divided into 
river-basins by water-partings, and is diversified by elevations 
and depressions, like those which have been met with in the 
British Islands, but on a scale proportioned to its relative 
magnitude. It would be beside the purpose of this work 
to study their features in detail ; but the broad aspects of 
the great system, of which the Thames basin forms an 
insignificant part, may be sketched. 

e mountains of England, as we have seen, stand apart 

1 ^vater- par tings ; but those of the Eurasian 

mlinent coincide with the lines of separation of the great 

T-sheds. A sinuous band of highlands, which often rise a 

e above the sea-level, and the highest peaks of which some- 

:s attain between five and six times that height, stretches 

mtinuously from tiie waters of the Atlantic in the 

Kt, to those of the Pacific on the east of the Eurasian 

mtioent. (See map. Fig. 91.) 

n end, this highland zone is narrow and not 

high, and, as the mountain range of the Pyrenees, 

France from Spain; this is followed by the 
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broader and higher mass of the Alps, which splits to inclose 
the plain of Hungary ; and is then continued, to the east- 
ward, by the Balkans, the mountains of Asia Minor, and 
those of Armenia and the Caucasus. The highlands of 
Persia and of Beloochistan connect these last with the 
Hindu Ivush ; beyond which the elevated land spreads out 
into an immense half-moon -shaped mass, the southern and 
eastern escarpment of which is formed by the Himalayas 
and the ranges continued from them into China ; while the 
northern and western escarpment is constituted by the Thian- 
Shian and Altai mountains. The Interval between these is 
occupied by lower, but still much elevated, table land.'i ; 
and the area of these eastern Asiatic highlands is prob- 
ably not less than five-and -twenty times as great as that of 
Britain. 

To_Uie north of this great mountain system, there is an 
enormous plain, which stretches through northern Eurasia 
to the Arctic Ocean. It commences in Europe, in what 
are called the Netherlands, or the Low Countries ; or rather, 
its beginning may be traced in the flat districts of our 
eastern counties, for Britain, as already explained, is but 
an extension of north-western Europe. Thence it is con- 
tinued by the great North-German plain, which stretches 
across Europe to Russia, where its continuity is broken 
by the low range of the Ural mountains ; but only to be 
renewed, on their eastern side, by the vast plains of 
Siberia. To the south of the east-and-west mountain-system 
of Eurasia, there is no similar plain ; and the mountains come 
down much nearer to the sea on the south, than on the 
north, side. In fact, the great line of elevation does not 
traverse the middle of the continent, so as to divide it into 
two equal halves, one lying on the north and the other on 
the south ; but it runs very much nearer to the southern 
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than to the northern shores, of the continent. As a, can- 
sequence of this arrangement, a section taken across 
Eurasia frona south to north would show — first a short slope 
rising rather abruptly from the sea to the top of the 
mountains ; and then, on the other side of the ridge, a very 
long slope, running gradually down to the sea-level in tiie 
north. This kind of relief is illustrated, though exaggerated, 
in the contour given in Fig. 92, where a represents a section 
across India culrainatmg in the Himalayas, i; sxd, thesection. 
runs across another range called the Kuenldn, which has a 
j,eneral direction parallel to the Himilajas Between these 
two mountain-chains is the elevated plateau or table-land of 
Tibet, c , at e the Altai mountains are crossed, the land 
Letneen the two ridges d, e, representing the plai 
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Fig 93 — DidcmDoi'Li^ 

Mongolia and the desert of Gobi , and then, from the Altai 
range, the section is continued across the vast Siberian 
plains to the rorther 

It IS in luurasia that the highest land in the world is to be 
found The loftiest known peak is that ot Mount Everest, 
m the Hmiilayas, which rises to a height of 29,000 feet, or 
about 5} miles above sea level And several other moim- 
tains in the same range attain to nearly as great altitudraj 
thus Kanchinjanga reaches the height of 28,178 fec^ and ■ 
Doulagiri that of about 27,000 feet. 

It is also in Eurasia that the greatest depressions are ti 
be found. The most remarkable of these is that in which 
t^ Caspian sea lies. This inland sea is a body of salt- 
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water which coven* an area as large as Spain, and has the 
level of its surface about eigbty- three feet below that of the 
Black Sea ; while the bottom of the hollow in which the 
water rests falls to about 3,000 feet, or nearly three-quarters 
of a mile, below the level of the ocean. The Caspian itself 
occupies the deepest part of an enormous depression, which 
appears to have been connected, at a late geological penod, 
with the Mediterranean Sea. This great basin, which also 
includes the inland sea of Aral, covers an area at least as 
large as Central Europe, The Caspian sea alone occupies 
an area of 126,646 square miles (I. J nearly). The Dead 
st'.i is another salt-lake much below the sea-level, its surface 
being about 1,300 feet below that of the Mediterranean. 

Since water naturally flows towards the lowest accessible 
level, it is only to be expected that these depressed areas 
should receive the drainage of the surrounding country. A 
large number of nvers do, indeed, discharge themselves into 
lliese great lakes ; and hence such rivers differ essentially 
from ordinary rivers, like the Thames, in that they never 
reach the open sea. Such streams are often called ^ori- 
tinmtai rivers, since they are conlined to continental areas, 
and their basins are contained within the land. Thus 
the Dead sea receives the river Jordan ; the Caspian 
receives the Ural and the Volga — the latter, by the way, 
being the longest river in Europe^while the sea of Aral 
receives the Arou Daria (Oxus) and Sir Daria (Jaxartes) 
which come down from the high plateau of Pamir in Central 
Asia. As none of these salt lakes, or inland seas, are in 
communication with the ocean, the water which is brought 
down to them by these rivers must be got rid of by evapora- 
tion ; while th.; soluble matters, which the rivers dissolve 
from their drainage-areas, must go on accumulating in the 
lake. 

7L t 
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Africa (11,290,030 square miles, CXXV.), as already re- 
marked, may be regarded as an appendage to Eurasia. In 
historic times, the only connection has been with Asia by 
means of the Isthmus of Suez ; but there are good reasoni 
for believing that, even in post-tertiary times, Africa must 
have been also united with Europe ; the connection havii^ 
been effected across what is now the Strait of Gibraltar ; and, 
also, by means of land which stretched over to Italy, and of 
which Malta and Sicily are points still above water. In the 
northern part, Africa has rather an east-and-west extension, 
like tliat of Eurasia. And, thotigh it has no general axis 
of elevation ; yet, sudi mountains as it does possess, have 
a tendency to stretch in the same direction. This is seen, 
for example, in the Atlas mountains in north-western Africa, 
and in the Kong mountains parallel with the northern 
shores of the Gulf of Guinea. The southern part of the 
continent extends, on the contrary, in a north-and -south' 
direction ; ai^d the eleva.ted lands of Abyssinia and Zao^^ 
guebar follow the same cQurse. 

One of the most striking physical features of Africa il. 
the great northern plain which forms the desert of Sahai^ 
This has an area fifty times as large as that of Britain, 
depressed in some places below the sea-level, but rising in 
others, to z,ooo feet above it From the occuiVence of 
marine shells in the superficial deposits, and for other reasons, 
it is believed that much of the Sahara is an old sea-bottom, 
which must have been below water at a comparatively recent 
geological period. The proposal to admit the waters rf 
the Mediterranean artificially into the depressed portions oC' 
the desert has been seriously entertained. 

Regions of inland drainage may be found in some of the' 
table-lands in the heart of Africa. Lake Tchad, for example,' 
! sheet of water which recei\-es the drainage ol 
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the surrounding area. This lake has long been known. But, 
within the last twenty years, some very large bodies 
of fresh water have been discovered in the eastern part 
of Central Africa. These include Lakes Tanganyika and 
Nyassa ; the Victoria Nyanza, the Albert Nyanza, and 
the Alexandra Nyanza. The noble sheet of water which is 
called the Victoria Nyanza is about 3,800 feet above sea- 
level, and is probably the largest known body of fresh-water 
at this altitude ; it is believed to have an area of about 
30,000 square miles (J). In this great region of lakes are 
the head-waters of two of the most remarkable rivers of 
Africa — the Nile which ilows to the north, and the Congo 
which runs to the west. The Nile, which takes its course 
through Abyssinia, Nubia, and Egypt, is especially notable 
for the fact that it runs for more than a thousand miles 
without receiving a single tributary. 

The eastern coast of Eurasia, as we have seen, is washed 
by the Pacific ocean. Lying off its whole length, in some- 
what the same fashion as Iceland and the British islands lie 
off its west coast, ajid as the Canaries and the Cape de 
I Vcrd islands lie off the west coast of Africa, is a long series 
outiying isolated masses of land of various sizes, termed 
the Kuriles, the Japanese islands, Formosa, and the Philip- 
Islands ; and these are continued, southwards and 
eastwards, by the islands of Celebes and New Guinea. On 
iie other hand, the general direction of the southernmost 
polongation of the eastern end of Eurasia, the Malay 
ft*eninsula, is continued to the south and to the east, by 
teumatra and Borneo, and by other smaller islands. They 
; from an Asiatic submarine plain, just as Britain rises 
tfrom the European submarine plain (Fig. 90, p. 302). 
Jomeo has t\vice the area of Britain, while Sumatra is 
Q very large. These Asiatic islands, which constitute th*! 



Malay archipelago, are separated, between Bali and Lombok, 
liy a narrow, but deep, channel from the Papuan Islands, of 
which New Guinea is the largest. Separated from it only by 
the narrow straits of Torres, is the sub -continental land of 
Australia, which has an area of 4,700,000 square miles 
(Lll.), and therefore is considerably larger than Europe 
('3,775,400 square miles, XLII.); and this, again, is divided 
only by a narrow strait, that of Bass, from Tasmania. 
Nearly parallel with the east coast of Australia, but more than 
ft thousand miles distant from it, is a great chain of islands, 
beginning near New Guinea, with New Britain and the 
Solomon islands ; and, with a great break to the south of 
New Caledonia, ending in the islands of New Zealaod. 

These islands stand in the same sort of relation to the 
great dry-land area of Australia, as the Japanese and Philip- 
pine islands, of which they are, in a sense, the continuation,* 
do to that of Asia, Beyond them, to the eastward, a broad 
zone of the Pacific ocean is dotted over with the small isluids > 
of Polynesia. 

On looking at a map of the land area which has now been 
described Fig. 91), it is obvious, that the chief part of it lies 
in the north, and tliat it tends to thin out into pointed, or 
broken, masses towards the south. The Malay and Papuan 
islands, with Australia on the east, as it were, balance Africa 
on the west ; and if we regard them, for the moment, as 
south-eastern continuations of Eurasia, answering to its south- 
western continuation in Africa ; it will be seen, that the 
eastern coast-line is broadly parallel to t!ie western. In the 
northern parts, the western coast is convex to the west, and 
the eastern concave to the east; while, in ihe southern 
parts, the western coast is concave, and the eastern, convex. 

Seventeen nundred miles of sea separate the westernmost 
part of the British Islands from another, considerably smaller, 



» 



XViiti LAND AND WATER. 311 

but still great, continental land which stretche;; for 1 0,000 
miles from north to south, and has an area of 15,800,000 
square miles (CLXXV.). This is the Nav World, formed 
of the two almost distinct masses of North and South 
America, joined Ijy the narrow isthmus of Panama. 

It will be observed that the eastern coast of the Americaii 
continent presents the same sort of rough parallelism with the 
western coast of the old world, as the latter does with its 
eastern coast. Where the one is convex, the other is concave, 
and vue versA ; and the Atlantic ocean lies, like a great wind- 
ing canal, from 800 to nearly 4,000 miles broad, between 
the two. The western coast of the American continent 
would repeat the curvature of the western coast of the old 
world, were it not that, in its northern portion, it trends far 
away to the west, to approach Asia in Behring's Straits. 
Again, in the new world, as in the old, the larger mass of 
land lies to the north; the area of North America standing to 
that of South America, in the proportion of about r 7 to r4 ; 
while there is a remarkable similarity of form between South 
America and Africa. But, instead of being much longer, from 
east to west, than it is from north to south, the American 
continent is much longer, from north to south, than it is from 
east to west. 

In accordance with this north-and-south elongation, an 
elevated tract runs from south to north, through nearly the 
whole length of the two continents. Narrow in the south, it 
attains a considerable breadth, and a great elevation in the 
Andes of Bolivia, Peru, and Chile ; in which last country, 
Aconcagua rises to 24,000 feet. After sinking to a mere 
range of hills in the isthmus, it rises and widens ont into a 
great table land, which occupies more than a third of the 
width of North America. Several ranges of mountains, 
known under the general name of the Rocky Mountains, 



which have a more or less north-and-south direction, take 
their rise in Mexico and in the western territories of the 
United States, from this table-land, or from its escarpments. 
Just as the east-and-west line of mountains in Eurasia, is 
nearer to the south than to the north coast ; so the north and 
south axis of America is nearer to the west than to the east 
coast. Hence, the western slope of the American conti- 



nent is very abrupt, while the eastern side is carried 
gradually down to great plains, which are drained by some 
of the noblest streams in the world ; such as the Mississippi 
in North, and the Amazon, in South, America. If then, a 
section were made across North America, from west to east, 
it would present an appearance something like that repre- 
sented diagrammatically in Fig. 93. Here, it is seen that 
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there is a sharp rise, from the Pacific coast on the west, to 
the Washington range, a; and, thence, to the summit of the 
parallel chain of the Rocky mountains, b. From the 
eastern slope of the Rocky mountains, the section runs 
across the basin of the Mississippi, but rises again before 
reaching the eastern coast This rise, d, represents the 
Ajipalachians, which form a range of mountains running 



parallel to the eastern side of the continent; and thus 
reproducing, on a smaller scale, the physical features of the 
opposite shore. South America presents a similar section 
(Fig. 94). A very sharp rise leads from the Pacific to the 
range of the Andes, a, whence a broad plain stretches to 
the Atlantic coast, relieved only by the highlands of 
Brazil, b. 

It has been pointed out by Professor Dana ' that, in all 
parts of the world, the highest mountains border the largest 
oceanic basins. This rule is strikingly illustrated by the 
relief of the American continent. Thus, the Rocky 
mountains, which face the vast Pacific ocean, are con- 
siderably higher than the Appalachians, or AUeghanies, 
which are opposite to the much narrower Atlantic. 

America presents the grandest illustrations of fresh-water 
phenomena to be found in any part of the world. Its river- 
systems are framed on a gigantic scale ; the basin of the 
Amazon, for instance, embracing an area of 1,500,000 
square miles {XVII. ), and that of the Mississippi about 
980,000 (XI, } miles. The drainage of the north-wesleni 
part of America is remarkable for its connection with a 
chain of lakes which present a total area of 90,000 square 
miles (I.) of fresh-water. These are known as lakes 
Superior, Michigan, Huron, Erie and Ontario; and their 
waters are ultimately discharged into the Atlantic Ocean by 
the River St. Lawrence. It is in passing from Lake Erie to 
Lake Ontario, that the stream is suddenly precipitated to a 
depth of 162 feet, to form the falls of Niagara. The 
peculiar chasms through which some of the North American 
rivers run, are illustrated by the Colorado cafton figured on 
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The preceding sketch of itie disposition of the form and 
size of the dry land takes no account of many considerable 
islands; and especially leaves out of consideration those 
which, like Greenland, are covered with ice and snow, afld 
are rendered almost inaccessible by the accumulation of 
ice in the sea which surrounds ihem (See Viq. 95.) 




The total area of dry bnii has been estimated at about 
53,500,000 square miles (DLXXXIIL). Whether the 
voyager travels south, or north, from the coasts of this dry 
land, his progress is, sooner or later, stopped by the ice, which 
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ulates in the seas of the cold northern and southern 

P regions; but, without taking the frozen seas into account, 

a of the ocean is twice as great as that of the land. 

r, though it is doubtful if the sea anywhere attains 

a' depth greater than the height of the highest mountains, 

the average depth of the sea is greater than the average 

Sleight of the land above the sea ; so that, in all ways, there 

Fis much more sea than dry land. 

It has been calculated that of the entire surface of the 
earth, 144.500,000 square miles are covered by water; and 







^Rbf water exceeds the quantity of land, nearly In the pro 
"^■portion that 8 exceeds 3. In other words, for every square 
mile on the earth's surface, there are nearly three square 
miles of water. 

Again, it may be observed that the land and water are 
not uniformly distributed, so as to preserve the sarae pro- 
portions in all parts of the world. The northern pans 
cridently contain much mwe land than water, while t!ie 
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southern parts contain much more water than land. There 
is, in fact, about three times as much land in the northern 
half of the world as in the southern half. Fig. 96 repre- 
sents that half of the world which contains the greatest 
amount of land, and Fig. 97 the other half, which 
contains the greatest proportion of water. 



CHAPTER XIX. 



FIGURE OF THE EARTH.- 

In considering the form, size, and other characters of the 
Thames basin, we found no occasion to trouble ourselves 
about the shape and size of the earth as a whole ; and, as 
what is true, in this respect, of the area of the Thames basin, 
is tnie of all areas of the earth's surface, it is obvious that 
all the facts stated in the last chapter miglit have been 
ascertained by the ordinary processes of land-surveying, 
and that they do not necessarily presuppose a knowledge 
of the configuration of the world. 

One's earliest and most natural impression is that the sur- 
faces of the land and sea ate everywhere flat, if local elevations 
are left out of consideration ; and, for many ages, it was tne 
accepted belief of mankind that the land was a huge flat 
cake surrounded on all sides by an illimitable ocean. But 
when, in 1520, Magellan, sailing westward from Europe, 
passed round the southern end of South America; and, his 
ships keeping their bows continually in the same direction, 
eventually reached the coasts of Asia, and thence returned 
to the place from whence they set out, it was demonstrated 
that, at any rate along the track he followed, the surface of 
the earth was round. 



But without having recourse to a voyage of circumnaviga- 
tion, very simple reasons afford proof that the surface of the 
earth is curved, not only in one direction but in all directions; 
or, in other words, that it has the shape of a ball 

One of the most commonly cited, but at the same time 
one of the most convincing proofs of this rotundity, is based 
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After the hull has passed out of sight, the lower sails, in like 
manner, are lost to view ; then, the upper sails appear to dip 
beneath the water ; and, at last, only the tops of the masts 
are to be seen peeping above sea-level (Fig. 98 ^). A telescope 
may make so much as is to be seen of the ship more 
distinct ; but, it will not bring the lower part again into 
view, after it has once been lost. There seems to be no 
way of explaining this gradual disappearance of a vessel 
beneath the surface of the sea, on the supposition that the 
earth is a flat plane ; but the explanation becomes easy 
enough, if it be admitted tliat the surface is slightly convex. 
Fig. 99 may be taken to represent a section of the sea, show- 
ing the successive positions of a ship as she rides over the 




curved surface. If the obser^'er is stationed on the tower, on 
the left of the figure, his line of vision might be represented 
by the straight line which runs across the diagram. When 
a ship is at a distant point on the right hand of this figure, 
the observer sees only the top of the masts ; b c h 

surface of the water rises, like a Hat dome, wh n e 

she way of his seeing the lower parts of the ves B t, 

the ship approaches the shore, the upper sail ome n o 
view ; then the lower sails are seen ; and, la o a h 
hull itseiC 
Td the sailor who is approaching land, similar 
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k, has his view limited by the 
i half-way up the mountain to c, his 
} the circle marked e; and, if he goes 
I, it enlarges to the circle a. If a man's 
^t above ground, as they might be if he 
■ the hill, the radius of his horizon will 
'S and three-quarters ; but, if he went to 
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are presented; the first points which are visible to him are 
the peaks of hilFs, or the tops of buildings. He is prevented 
from seeing the bases of these objects by the bulge of 
water, which rises between him and the shore. Now, as 
these appearances are not confined to any one locality, but 
are seen in every part of the world, it follows that the earth 
must have a general curvature. In fact, it can be shown 
that the convexity is everywhere very nearly the same ; and 
it is, therefore, clear that the earth is a globe-shaped body. 

It is possible to obtain similar proof of the earth's round- 
ness by observing a vessel which is stationary. Suppose that 
a person who is about to bathe in a calm sea, sees a small 
boat a mile or two from shore. Let him then get into the 
water, and, with his eye only a few inches above sea-level, 
look along the surface of the water in the direction of the 
boat. He will now find that the boat is 
hidden, or perhaps altogether lost from sight. In fact the 
curved surface of the sea obstructs the view; and the 
obstruction is greater, the lower the position of the bather's 
eye. When a man is standing on shore, his eyes are raised 
something like five feet above ground ; but, when his head 
IS in the water, they are only a few inches above the sea 
level, and his view is accordingly obstructed. When the 
observer is in an elevated position, he is able to look over 
the low hill of water which interferes with the prospect at 
lower levels ; hence, more of a distant ship can be seen 
from the top of a tower than from its base. 

If a person standing on a wide plain, with nothing to 
obstruct his view, looks round about him, he finds that the 
boundary of his vision extends equally in all directions, and 
thus forms a circle. This boundary is called the horizon} 
The term horizon, at least as used in this sense, therefore 
Horlmn, from iiA^a, kfrim, to bound. 
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denotes the circle of vision which seems to separate the 
sky from the earth on land, or the sk}' from tlie water on 
sea. But, if the observer mounts a. hill, or ascends a 
tower, or climbs to the mast-head of a ship, he finds that 
his circle of vision becomes extended, and he can see 
objeGts which were before beyond his range ; in other 
words, his horizon increases, or becomes a larger circle. 
This is illustrated by Fig, loo. A person standing at the 
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foot of the mountain at k, has his view limited by the 
circle i; if he goes half-way up the mountain to c, his 
horizon expands to the circle marked e; and, if he goes 
quite to the top, s, it enlarges to the circle a. If a man's 
eyes are five feet above ground, as they might be if he 
stood at the base of the hill, the radius of his horizon will 
be less than two miles and three-quarters ; but, if he went to 
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of St. Paul's, his horizon would then have a radius of | 
more than twenty-four miles. 

Since it is found Ihat the horizon is invariably circular in 
c/cry part of the world, it is proved that the earth must be I 




spherical. For a sphere is the only kind of solid whicli 
presents a circnlar contour from whatever point it is vieweij 
Other means of demonstrating that the surface of the? 
earth is rounded, and not flat, may be obtained from obser^ j 
vations on some of the heavenly bodies. One interesting | 
mode of proof may be explained b)' the help of Fig. i 



head, 
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Here the earth is represented as hanging in the centre of a 
great space, which is bounded on all sides by a starry vault. 
Let a. person be standing on the earth at the point O. 
That point in the heavens which he sees directly over- 
head, when he looks up, is called the zenitk; and the 
losite point, which is immediately beneath his feet, and 
it is therefore impossible for him to see, since the 
earth stands in his way, is called the naiir^ The 
Section of the straight line joining these two points is the 
direction in which a plumb-line hangs when the plummet is 
Irce. An imaginary plane passing exactly midway between 
lenith and the nadir constitutes the horizon^ 
'It was explained on p. 9, that very near lo the north 
le of the heavens there is a star called the pole star. 
.t point on the horizon which is immediately opposite 
north celestial pole is the true north, and the other 
inal points on the earth's surface are also referred 
lo the horizon. Now, suppose a person at O, in Fig. lor, 
observes how high the pole star is above the northern 
horizon ; and that two persons travel from this point — 
going due north, and the other due south — and that 

%ith are words of Arabic origin. 

Fact, two kinds of horizon. It was said above (p. 320) 

fllohorijon is the circle which limits a perion's vision, wherever he 

'happen to be. This circular boundary, so far as it is formed by 

!e of the earth, is distinguished as the apparent, or sensible. 

The great plane which is shown in Fig. loi passing through 

of the earth, and extended to the celestial sphere, is dis- 

as the plane of the Irue, or rational, koriton, which is an 

circla, dividing that sphere into two eqnal halves, one above 

below the true horizon. Practically these two boriions coincide, 

ces of the stars from us are so great that, if the apparent 

extended until it reached even the nearest of the fixed 

it might be regarded as coincident with the rational horizon, to 

would be sensibly parallel, though separated from it by half 

diameter. 
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they observe, at different times, the apparent altitude of 
the same star, or its height above their horizon. To the , 
roan who travels northwards, the pole star will appear to 
mount higher and higher in the heavens ; and, if the i 
the arctic regions did not bar him from getting so far, he 
would eventually find this star over his head. In fact, it 
be seen from Fig. loi that the pole star is in the zenith of 
an observer at N. But, to the person who travelled south- 
wards, the pole star would appear to be steadily sinking lower 
and lower in the sky ; and, when he got midway between 
the north and south poles of the earth, at the line called the 
equator, he would find that the star actually seemed to toucli 
the horizon ; while, if he continued his course to the south, 
it would disappear altogether. But the person who stayed 
at home, at O, would not have observed any movement 
in the position of the star. In fact, it docs not sensibly 
change its place ; and its regular movement apparent to the 
travellers has been due to their own change of position c 
the earth's rounded surface, as shown in the figure. ThiE^' 
therefore, proves that the earth is convex, as least in a 
north -and -south direction. 

If the travellers, instead of going northwards and south- 
wards, had taken their journey due east and due west, they 
would not have observed any alteration in the altitude of the. 
pole star. But, the traveller to the east would have found, 
that the sun rose earlier and set earlier than it did when he 
was at ; while the traveller to (he west would have foun^ 
that it rose later and set later. It can be shown that this ia 
a proof of curvature in an east-and-west direction; and, ther 
fore, by combining the two sets of observations the rounded 
shape of the earth's surface may be fully established. 

Engineers and surveyors are in the habit of taking thei 
earth's sphericity into account in their calculations. I 
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example, a canal has to be cut, an allowance must be made 
for curvature in order that the depth of water in the canal 
may be the same throughout, A convincing experiment to 
prove the rotundity of the earth was made by Mr. Wallace, 
in 1870, in the Bedford Levei. Three signals, each thirteen 
feet four inches above water-level, were erected at distances 
of three miles apart. On looking through a telescope, 
adjusted, in such a manner, that the line of sight touched 
the tops of the first and last poles, it was found that the 
middle signal was upwards of five feet above the line. 
This rise was of course due to the convexity of the earth's 
surface. 

Such evidence as that which has been adduced in this 
cliapter, proves conclusively that the earth has a curved 
surface, and that the ciwvature is that of a globular 
body. Very delicate operations have enabled men to deter- 
mine the figure of the eaith with the greatest accuracy, and 
have shown that this figure is not exactly that of a true 
sphere. The splicre is, in fact, a little flattened in the neigh- 
bourhood of the poles, so that, using a popular comparison, 
it may be likened to the shape of. an orange : only it must 
be remembered that the earth's flattening is very much le=E 
proportionally than that of the orange. In consequence of 
this flattening, a line running round tlie globe through the 
north and south poles is not exactly a circle, but is an 
ellipse, or something like a circle which has been slightly 
squeezed at opposite points. Fig. loz is such an ellipse, 
but the extent of flattening is exaggerated prodigiously. 
"Wit polar diameter, or the line which passes through the 
earth's centre, from pole to pole, is found to measure 7899-5 
miles There is some reason to believe that the eqvatorial 
diameter, or the line which passes through the earth's centre, 
^om point.to point on the equator, is not the same in all 
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directions, and tliat the equatorial circumference is 
not exactly a circle, but is slightly elliptical ; its longei 
diameter measuring about two miles more than its shorter 
diameter. The average equatorial diameter is about 
7926'S miles ; in other words the equatorial exceeds the poll 
diameter by about twenty-seven miles. The proportion 
of twenty-seven miles to 7,926 miles is very nearly that of 
£ to 294, and hence the earth is said to have an elliptidfy 

? from the shape of a true sphere are so: 
n comparison with the great magnitude of. 




the earth, that, speaking roughly, the earth may for practical 
purjioses be called sphere ■; and it may be regarded as having 
the shape represented by our ordinary globes. In fact, the! 
departure from the spherical shape is too slight to affect a 
model of this kind, unless it is of unusual magnitude.* 

In order to represent any country by drawing its outline 
upon a globe, or upon a map, it is necessary, in the firai 
place, to have some means of fixing the position of place^ 
upon the surface of the earth. The means by which this: 
is accomplished may be easily understood. Suppose that it 

' Tn a globe of 2 ft. 6m. diameter, for example, the difference of Ibe 
11(1 equatorial diameters would be very little more tliaii j'jlh uf 
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is desired to fix llie position of the point P, in Fig. 103 ; let 
any two straight lines be drawn at right angles to each other, 
such as OA and OB, and then measure how far the point 
P is from one of them, say OB. Let P be three inches 
from OB, then it is known that the point must be some- 
where in the course of the dotted line CD, which is supposed 
to be three inches from OB, Some clue has thus been 
obtained to the position of the point, but it is not yet 

L definitely determined. To fix the point, it is necessary to 
distance also from the other line OA ; let this 

\ distance be two inches ; it is clear that the position of the 

I point must be somewhere in the 

I line EF, which is everywhere two 
inches from OA. But as it has 
own to be in tlie line 
CD, it is evident that its position 
is fixed at P, for this is the only 
point at which the two lines cross. 
The distances three and two, re- 
ferred to these lines OB, OA fiq, 103.-1 
respectively, will accurately mark 
ibe position of P, and they are called by 
wdinata of the point. 
Geographers use co-ori5inates in this way to indicate the 
position of places upon tlie surface of the earth. When 
they wish to mark the place of any point, they refer it to 

t certain fixed lines which they imagine to be drawn upon 
surface of the globe. They proceed on the convenient 

•fiction that a line is traced entirely round the eaith, midway 

[between the two poles ; and this line, which is practically 
I circle, they call the equator'^ (Fig. 104). The equator 
ionsequently divides the world into two equal halves — a 
' Equator, from Lat. a-yau, to make equal. 
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northern hemispliere and a southern hemisphere. It is 
further supposed that each of these halves is banded round 
by a number of circles, which run parallel to the equator, 
but get smaller and smaller on approaching the poles. These 
circles are called small circles, while the equator is called a 
greal circle. The centre of a great circle must be the centre 
of the sphere on which the circle is drawn ; and, it is plain, 
that if the earth were to be cut through at the equator by a 
flat plane, this plane must pass through the earth's centre : 



but planes passing through any of the small circles, parallel 1 
to the equator, would not pass tiirough this central point 

The equator serves the place of the line OA in Fig, 
it is, in fact, a standard line from which distances may bel 
measured. Every circle is divided, for convenience i 
calculation, into 360 equal parts, called degrees; and it ii 
supposed that the circumference of the eartli is divided i 
this way. The distance of any place from the eqnator,J 
measured along a circle which passes through the poles, and"^ 
expressed in degrees, is called the latitude'^ of that place. 

' Latiiudc, fram Lat talUiido, breadlh. 
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The distance from the equator to the north pole is one- 
lurth of the earth's drcumference, and therefore the latitude 
the pole is said to be 90°, or one-fourth of 360° measured 
the equator northwards. In like manner, the south pole 
90° south latitude. London is described as being in 
51° 30' N. lat. " ;' a description which tells us at once that 
idon is situated in the nortliem hemisphere, at a distance 
SiJ", or about 3,560 statute miles from the equator. The 
jtude of so large a. place as London will of course vary 
different parts: the middle of London Bridge is in 51° 

24" N. laL 
Latitude alone could never fix the position of a place. 
Any number of places, for example, might be situated, 
like London, on the circle which runs round the northern 
hetnisphere at 5 1 J" from the equator. Two sets of 
standard lines are therefore needed, just as two lines were 
■equired in Fig. 103. Geographers have consequently been 
I to draw a number of imaginary circles round the globe, 
lunning through the north and south poles, as in Fig. 105. 
'hese are called lines ai longUiide, and they differ in several 
respects, beside that of direction, from lines of latitude. All 
lines of longitude form circles which have the earth's centre 
as their centre ; in otlier words, they are all great circles. 
But all the lines of latitude, except the equator, are small 
■jarcies. Again, the lines of latitude form equidistant circles, 
and are hence commonly called parallels of latitude. But 
one can speak of " parallels of longitude," because these 

>r latitude is divided into 60 equa.1 patta called minala, 

into 60 equal parts called iiconds. Degrees are repre- 

bj the symbol °, minntes by ', and seconds by ". Minutes and 

titimi are distinguished by tlie initials m and i respectively, 

of latitude is a geographical mile, called by nautical men a 

The get^raphical mile contains 202S yards, while Out statute 

only 1760 yards. 
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lines are not parallel, inasmuch as they all meet together ami 
cross at each of the poles. It is common, however, to refei 
to these imaginary north -and- south circles as meridians, for 
the reason poioted out on p. 7. 

While latitude is always measured from the equator, 
longitude has no natural starting-line. The reckoning may 
begin indeed from any meridian, and diiferent 
actually use different lines for this purpose. The meridian 
from which the reckoning begins is called the first, or primi 
er d d h r) hmndwhh passes 

hhhb y vilG h here- 

f h n I d d Ik 11 pi 

h d h f G hi 1 d hey 

1 1 B 11 pi h ea t, or 

hw fhfi mdnh liTlj,d which 

p d 1 ^ % r" "^ ani^ 

d g d as d g p tion 

w h f G I Th L d B dg has a 

1 ng d f 5' id' W. As the equator is divided into 360 

d g ay be supposed that a meridian passes through , 

h f h 360 divisions. Hence a degree of longitude 
n 1 the equator, is the j^Tjth part of the circum- 

f n f he earth But in going to the north, 

h f 1 equator, the meridians draw closer and clos^ 
1 n 1 they meet at the poles, as shown in Fig, loj. 
E 1 p 11 1 of htitude, whether large or small, is dividedt 
Ik h q ator, into 360°; and, therefore, the length of 
d I, longitude gets less and less in passing from th^ 

"1 wh re It measures 60 geographical miles, to either 

of h p 1 .where it vanishes ahogether. The reckoning ol 
longitude proceeds from the first meridian to the east and 
to the west, until the figures reach 180°; the reckoning ot' 
latitude proceeds from the equator to the north and to the 



south, until the figures reach 90". Hence no place can 
have a greater latitude than 90°, or a greater longitude 
than iSo°. 

It would be too long a story to explain how latitude and 
longitude are practically determined. Unless people happen 
I, or surveyors, or travellers, they never have 
) fix their position by these means. But, still, 
every one is concerned more or less with latitude and 
longitude, for it is by means of these co-ordinates that wc 
can find out any given place upon a map or a globe. The 
cross-lines of latitude and longitude form, indeed, a frame- 
work on which the geographer traces the outlines, which 
show the distribution of land and water upon the surface 
of the earth. 

On a terrestrial globe, it is easy enough to lay donii the 
lines of latitude and longitude, and then to draw the outline 
of any country. But when a map, instead of a globe, is to 
be made, it is not so easy to see how these lines should be 
drawn. If the peel were taken off half an orange, it would 
be found impossible to spread this rounded peel upon a flat 
table, without the skin giving way at certain points. A map 
of the world, for this reason, can never give a true repre- 
sentation of the surface of the earth. 

It was said in the first chapter (p. 5) that a map of the 
Thames is an outline- sketch of the river, as it might be drawn 
by a person in a balloon, at a great height, immediately 
above the place which is mapped. This statement is 
perfectly true as far as it goes. As long as the man in the 
balloon looks at the country directly beneath hira, he sees 
it in its true aspect ; but, if he looks a long way off, the 
curvature of the earth produces distortion in the distant 
outlines. In one kind of map, however, the person who 
makes it is supposed to be standing at an immeasurable 



\ 



distance, and to depict what he sees upon a flat plane 
which is placed between his eye and the earth' {Fig. io6). 
But his representation will be distorted much in the same 
way as the shadows of objects are distorted when the 
light does not fall square upon their surfaces. Hold a 
plate in the sunshine, in front of a flat surface, and, when 
the light comes down perpendicularly upon it, the shadow is 
a true circle ; but, incline the plate, and the circle passes 
into an ellipse ; and, as tlie plate is inclined more and more, 
so the ellipse gets narrower and narrower, until at last, when 




the sunlight is passing along the edge of the plate, the 
shadow is reduced to a straight line. The shadow is said 
10 be projected on to the flat surface ; and the method of 
throwing a representation of the rounded surface of the 
earth on to a flat sheet of paper is also called projection. 

In the method of projection which has been just ex- 
plained — tliat in which the eye of the map-maker is supposed 
3 be infinitely distant — the central parts of the hemisphere 
' This is the method of orlhograflUc projutioH. The parallels of 
l^ straight lines, li seen in the figure. 
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are accurately represented, but the countries towards the 
circumference are crowded together and diminished in size. 
This defect has led to another method of projection, in 
which the map-maker is supposed to have his eye on the 
very surface of the globe, and to look through the solid 
sphere as though it were a globe of glass, so as to see the 
countries which are on the opposite side; the outlines are 
then drawn as they would be projected on a transparent 
screen stretched across the middle of the sphere, and in 
front of the observer's eye.' 

In this method, it is found that the countries towards the 
centre are contracted, while those near the circumference 
are enlarged. The map is therefore distorted in exactly 
the opposite direction to that of the previous projection. 
Hence it seems natural that if the map-maker took up his 
position at some intermediate point, having his eye neither 
on the surface of the sphere, nor at an unlimited distance 
from it, an accurate representation might be obtained. 
The most favourable point of sight has been calculated, 
and although the view obtained in this way is still distorted, 
the distortion is less than in the other projections. This 
method is consequently the usual way in which the pair of 
hemispheres are drawn (Fig. 107). 

If instead of attempting to represent half the world at 
once, the map-maker is required to represent only one 
country — say Europe — he usually resorts to a different 
device. Imagine a roll of paper screwed up like a sugar- 
bag, and then placed over a model of the globe, like a 
paper extinguisher: this cap will not fit the globe com- 
pletely, but can be made to touch the central parallel of 
latitude of the country which is to be mapped. Let the 

' This is the method of stermgraphic projection : tlie lines of latihida 
are represented as arcs of circles. Fig. loy may be lalten to represent 
, ttiH projection, as it does not dilTer much from the f lobular pr^jcflhn. 
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outline of the country be projected on this conej then, 
on unfolding the paper, it may be spread out on i 
surface : hence this method is known as that of coniad'\ 
dtvelopment (Fig. 108). Most maps of Europe furnish J 
exajnples of this construction. 

Any of these maps will serve tolerably well for the use of I 
landsmen, but they are not what the marim 
requires a chart which will give him the true bearing of j 
places, so that he may steer direct from one point to 
another, and this he gets by the use ai Mercator's jirojedien?' 




Suppose the outlines of the various countries of tlie world, 
and the system of lines of latitude and longitude, were 
depicted on a globular bladder placed inside a glass cylinder ; 
on blowing more air into the bladder it will stretch in all 
directions, and it may be supposed to be sufficicitly elastic to 
liress on all sides against the inner surface of the cylinder. 
The parallels of latitude then touch the glass, and form circles 
round the cylinder, wliile the meridians stretch out, and 
' Mercator was a native of Flanders, bom in 15 12. His real nanle 
was Getaid KaulTman, but, according to tbe ciiSLoiD of the times, htf 
e, whicli means a mirdianl, was translated inlu Latin ar MtrcatoT. 
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form lines which run up and down the length of the cylinder, 
ir, when the bladder touches the inside-, it could be ripped 
up, and spread out flat, it would form Mercator's projection. 
(Fig. 109.) All the lines of longitude are straight lines at 
equal distances apart ; and all the lines of latitude are also 
straight lines, but not at equal distances. On a globe, the 
meridians run together near the poles, but on this projection 
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f are equidistant ; hence the higli latitudes are evidently 
much spread out to the east and west, and to counteract 
distortion, the parallels of latitude are also stretched 

^h and south. By thus increasing the distances between 
parallels of latitude, as they advance from the equator, 
shape of the land is preserved, but its size is grossly 

ggerated. 'J he polar regions are not brought within 
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Mercatoi's projection, for the poles are supposed, by the 
cylindrical development, to be indefinitely distant Such 
a map is therefore not used in the navigation of arctic 
but is otherwise universally employed by mariners. 

For arctic charts \!r\& polar projection represented in Fig,' 
rrci, is commonly used. Here the parallels of latitude are 




concentric circles around the pole, and the meridians take J 
the -form of radiating straight lines. The map-maker is I 
supposed to have his eye at the centre of the globe, and tol 
depict what he sees upon a plane which is at the end c 
the axis, and perpendicular to it, (See the map of thel 
Arctic regions, p. 314.) 



CHAPTER XX. 



ii;nts of the earth. 



has been sho\ 



that the 



I of the earth a 



preceding pages that the 
itate of constant circulation ; 
r in repose ; that the solid 
materials of the eMih's crust are slowly but incessantly 
changing their position ; and that the matter of the organic 
world is subject, in a yet more niarke:! degree, to cyclical 
Absolute repose is, indeed, a state utterly 
inknown upon the earth's surface. Nor is the globe itself 
it from movements which are of a still grander kind. 
!lie huge ball which was described in the last chapter is 
isiantly in motion. Part of this motion is a move- 
il of rotation, whereby the earth is perpetually spinning 
i like a top; and part is a roovemen; of revolution, 
y it progresses through space, and is carried round 
pjhe sun. 

If the earth were fixed in space, without ehher of these 
j plain that the half which happened to be 
(umed towards the sun would enjoy uninterrupted sunshine, 
; the opposite half would be plunged in permanent 
Biadow; in otiier words, perpetual day would reign in 
me half, and perpetual night in the other half The 
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illuminated hemisphere, on which the sun's rays were' 
constantly shining, would, of course, become intensely hot ; 
while the darkened hemisphere would become intensely 
cold, by the unchecked radiation of its heat into space. 
Under such circumstances, the hottest part of the 
world would be the middle of the sun-facing hemispher 
because the so'^r rays would there fall square upon i 
surface ; while the heat would diminish, in all directions 
towards the circumference, because the rays would be 
received in a more slanting direction on those parts which 
were farther from the centre of the lit-up half 

If the earth had no atmosphere, t!ie contrast of climate 
between the two halves of the globe would be most intense; 
for the half turned towards the sun would monopolise all the 
heat sent to it, while the other half would constantly lose heat 
by radiation into space. But, if the earth were enveloped in 
an atmosphere, currents would be raised in this air, and these 
currents would tend to moderate the climate. From the 
highly-heated centre of the illuminated hemisphere, the 
warmed air would rise and spread, on all sides, through the 
higher regions of the atmosphere ; while the less-healed, and 
therefore denser, air from the surrounding parts, would rush 
in, through the lower regions of the atmosphere, to supply 
its place. Hence, any. one on the surface of such an earth 
would find winds blowing from all points of the compass 
directly towards the middle of the sun-facing hemisphert 

If the earth now began to rotate, what would happen 
would depend upon the direction of the imaginary line, t 
axis, round which it turned. The axis coincides with tbc 
earth's polar diameter, and the points on the surface whicit 
were described in the last chapter as the earth's poles a 
the extremities of this imaginary line. Suppose, first, that the 

is coincided with a prolonged radius of the sun, as m the 




it diagram in Fig. iti, where the axis is represented by a 
' thick line, and the sun, which must be supposed to be at a 
very great distance, is represented by a small circle. Then, 
it is clear, that the same half of tlie earth would always be 
turned towards the sun ; and the only effect of the twirling 
round would be to modify the direction of the winds, in a 
manner which will be explained presently. But now suppose 
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It the axis were perpmdiiular to a prolonged radius of the 

represented in the second diagram : then the rotation 

F the earth would bnng different parts of the surface, in 

teiccession, towards the sun, and they would thus become, in 

illuminated and warmed In fact, the rotation would 

roduce the alternation of day and night; and the days anil 

Blights would be equal all over the worldj and at all times. 



The poles would be the coldest pans ; and all points of the 
surface, at equal distances from the poles, would be equally 
warmed and equally illuminated ; while the winds, arising 
from the lower currents, would be directed obliquely, from 
the poles towards the equatoi, and those formed by the 
upper currents would blow in the contrary direction. 

Suppose, once more, that the axis were neither in the 
position indicated in the first, nor in that shown in the 
second diagram, but that it occupied some intermedii 
position, such as is represented in the third figure. Here 
it is plain, that the one pole, which is turned towards the 
sun, would always be enjoying a good supply of light and 
heat, while the opposite pole, which is turned away from 
the sun, would be in everlasting darkness and cold. 

As a matter of fact, the axis of our earth is in the positioa 
represented in the last case ; but in consequence of other 
movements, which will be duly explained, no part of the 
surface is permanently dark and cold. 

If the stars be watched on a clear night, for a short time, 
it will be observed that they appear to move across the 
heavens, from the east to the west, in the same way as the 
sun does during the day ; and, if any one of these stars were 
bright enough to cast a shadow,we might make a star-dJi! 
for the night, just as sun-dials are made for the day. If the 
star were one of those which never set in England, such, for 
example, as the slar in the end of the tail of the Great Bear 
{Fig. i), its shadow would, in the course of the night, sweep 
over a segment of a circle, just as the shadow cast by 
the sun sweeps over a segment of a circle during the day. 
Suppose the circle to be completed, and to be divided 
into 86,164 equal parts; then, observation wou!d show that 
the sliadow thrown by the star travels over these equal' 
i in equal periods of time, and each such period is. 
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what is termed a second. Consequenlly, the shadow would 
return to the same place night after night, Jn just 86,164 
seconds. If an accurate clock, beating seconds, had a dial, 
the circle of which was divided into 86,164 parts, and a 
single hand, which should move over one of these divisions 
at every beat, the motion of the hand would exactly Iteep 
pace with that of the star-shadow. And, if any point of the 
dial were marked twelve, when the star-shadow was at 
any point of its course ; whenever the star-shadow returned 
to that place, the hand of the clock would again mark 

Such a clock woiild keep wiiat is called sidereal, or star- 
time, and the 86,164 seconds (or aj hours 56 minutes and 
4 seconds) would be a day by the " star-clock," As the 
apparent motion of the stars is due to the rotation of the 
earth on its axis, the hand of the star-clock would travel 
round the dial, in exactly the same time as the earth turns 
on its axis; which period of time (86,164 seconds) is 
termed a sidereal day. 

For practical purposes, however, this clock would be of 
very little use. Unless wa happen to be astronomers, when 
we ask the time, it is not from any wish to learn how far the 
earth has turned on its axis, in reference to a particular star ; 
we want to know the time of day, or the time of night, 
whether it is forenoon or afternoon, or the like. To 
apply to our sidereal clock for an answer to these questions, 
would be worse than useless. For, supposing that on any 
particular day, twelve by the star-clock exactly corresponded 
with noon by the sun; the day after, the star-clock would 
mark twelve nearly four minutes earlier ; and, the day after 
that, earlier still by a similar amount ; so that, in a quarter of 
a year, twelve by the star-clock would be six hours before 
I and so on. In short, twelve by the star-clock 
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might mean any hom in the day or night. The reason of 
this is that day and night depend upon the sun, and the sun 
does not keep sidereal time. In the first place, the interval 
between tbe time when the shadow on a sun-dial marksnoon 
on one day, and the time it marks noon on the next day, is 
always more than 86,164 seconds; and, in the second place, 
the difference is not always the same, but is sometimes more 
and sometimes less. If the sun-dial were a clock, in fact, 
we should say that it did not go very well ; and the only way 
of making a good clock go, in such a manner as to show 
twelve at noon by the sun, or thereabouts, every day, is to 
strike an average of all the irregularities of ihe sun-dial, 
and add this average to the number of seconds, which 
would be marked by the revolution of tlie hand of a 
clock in the course of a day. 

This average is 236 seconds, which, added to 86,164, 
gives the 86,400 seconds which compose the 24 hours, 
or mean solar d^y, of civil time. For convenience' sake 
these are counted, not by one revolution, but by two, of the 
hour-hand of an ordinary clock ; and thus the XII. on our 
clocks shows, very nearly, the midday and midnight as 
determined by the sun's crossing the meridian. The coin- 
cidence of twelve by the clock with noon by the sun-dial, how- 
ever, is exact only four times in the year ; at the mtervening 
periods, the dial is either faster or slower than the clock. 

Since the earth's figure is nearly spherical, it follows, that 
different points on the earth's surface must move, during the 
daily rotation, with different velocities. Any point on 
line of the equator will describe a circle equal to the cin 
ference of the earth. The earth's circumference is about 
a4,oQo miles; and, as the rotation is effected in nearly twenty- 
four hours, the velocity of its equatorial region must be 
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something like i,ooo miles an hour. Bat, on going either 
north or south from the equator, the circle which is described 
by any point on the rotating sphere will be smaller, as is 
sho^vn by the diminution in the diameter of the circles of 
latitude. Yet every point of the surface takes the sanie 
time to turn once round ; and, therefore, the velocity, or 
rate of motion, must become less and less, as the circles 
get smaller and smaller. In fact, at the poles, the velocity 
is reduced to nothing. The pole represents simply the end 
of the imaginary line on which the earth turns, and is itself 
stationary. 

Everything on the surface of the earth is necessarily 
carried round with the rotating globe. The atmosphere, as 
shown in Chapter VI. may be regarded as part and parcel 
of the earth; it forms, in fact, a gaseous shell, which com- 
pletely encases the globe, and shares in all its movements. 
The atmosphere, therefore, moves round at the same rate 
as the surface on which it rests. But this surface rotates, 
as just explained, at different speeds, in different latitudes; 
and hence the atmosphere, while quiescent over the poles, 
moves with increasing rapidity in lower latitudes, until it 
attains looo miles an hour at the equator. Therefore, if a 
stream of air starts from one of the poles towards the 
equator, and moves in a direct north-and-south line; that 
is to say, along a meridian, it will constantly tend to lag 
behind the surface of the earth. Ac the starling point, the 
air is stationary, because the pole itself has no motion ; 
and, if we could suppose such a stream of air to flow due 
south without coming into contact with anything, the suc- 
cessive points of the earth's surface over which it passed, 
would turn under it with constant' /-in creasing swiftness; 
until, at the equator, they would whirl by at the rate of 
_ i,ooo miles an nour to the east. Imagine the air thus 
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transported from the pole to the equator to come into con- ] 
tact with the surface of the earth in the latter region. The j 
immediate effect upon the bodies at that surface would be the I 
same as if they were transported, through still air, at the rate I 
of 1,000 miles an hour to the east. That is to say, they | 
would seem to be subjected to a frightful hurricane from ] 
the east ; just as the traveller in a railway carriage, passing J 
throu^'h perfectly still air, at the rate of sixty miles an hour, / 
feels a gale of wind blowing from the direction in which he:J 
is travelling. 

However, the polar air, in passing south, would soon.^ 
become influenced by the motion of the regions over which 
it passes. It would thereby be deflected towards the east, 
and this deflection would constantly increase, until it reached 
the maximum at the equator. During its passage from high 
to low latitudes, the velocity of the eastward movement in>- 
pressed upon the current would have been constantly increas- 
ing. But common experience shows that a body cannot 
accommodate itself, in a moment, to any great change of 
motion. If a carriage suddenly starts, or increases its velocity, 
the passenger is likely to be thrown in an opposite direction 
to that of the movement. The air, in like manner 
behind in passing from high to low latitudes ; and there- 
fore while the eanh rotates from west to east, the air 
passes south, acquires a relative motion from east to west,' 
Thus the current which started from the north pole would 
acquire, during its course, a relative motion to the west! 
and, by combining the two motions — that from the north, 
with that from the east — the wind thus produced would seera 
to come from the north-east ; in other words, it would appeat 
as a north-easterly, and not as a due north, wind.' 

' It may be well to remark that winds receive llieir names from the 
"ram which they blow. Oceai cntrents, however, iregenenDy 
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Such a case .ie this which lias just been discussed is by 
no means imaginary. As a matter of fact, a stream of heated 
moist air constantly rises, by its relative lightness, from the 
neighbourhood of the equator, where the heat is greatest 
and the evaporation most rapid. To supply the place of 
the air which is thus raised, colder and ilenser air rushes 
in from the north and the south of the equatorial belt. Yet 
this inflowing air does not take the shape of a due north 
wind, in the one hemisphere, and of a due south wind, in 
the other hemisphere. The air comes from places where the 
velocity of rotation is less ; and, therefore, it lags behind the 
earth in its rapid rotation from west to east. Hence, the 
wind reaches the equatorial zone from the north-east on 
the north side, and from the south-east on the south side, 
of the equator. In this way it comes about, that winds, 
more or less constant in direction, blow across those parts 
of the Atlantic and Pacific oceans which lie for some 
distance on ihe two sides of the equator ; the direction 
being from N,E. in the northern tropics, and from S.E. in 
the southern tropics. Such steady winds were of so much 
importance to navigation, before the (lays of steam-ships, 
that much of the world's commerce depended upon them, 
and they were therefore called trade 7%)inds. 

It has just been said that the trade-winds blow in a 
direction " more or less constant." This quahfication is 
needed, because the character of the wind is greatly modified 
by local circumstances, such as the distribution of land and 
water, and the altitude of neighbouring land. The trade- 
winds are not equally well marked in the two great oceans ; 
nor are they equally strong at all seasons. 

may be inquired, what becomes of the air which 
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rises from the heated equatorial belt ? This air, on reaching 
the higher regions of the atmosphere, flows over the cur- 
rents which are sweeping across the surface belo^v, and. 
thus produces currents which drift towards the north in the^ 
northern, and towards the south in the southern hemisphere. 
But these upper currents are blowing from regions of highj 
velocity, to regions of lower velocity, of rotation ; the/- 
therefore move more rapidly than the earth immediately 
beneath them, and, as it were, outrun the earth in its rotation. 
Hence they are deflected from a simple n or th-and- south' 
course, but in an opposite direction to that of the trades; so 
that, in the northern hemisphere, they blow from the S.W.,, 
and, in the southern hemisphere, from the N.W, Such up- 
per currents, moving directly counter to the surface 
may be recognised by their effects on high clouds. In the 
higher regions of the atmosphere, they become chilled ; and, 
at about the thirty-fifth parallel of latitude, they are suffi- 
ciently dense to descend to the surface. Part of this air then, 
returns as an undercurrent to tlie equatorial belt, where 
becomes heated afresh, and once more rises, thus completing 
the circulation in this part of the atmosphere ; while another 
part of t!ie descending air continues its course as a south- 
west wind, in tlie nortliern hemisphere ; and, as a north-west 
wind, in the southern hemisphere ; but these winds are not 
so constant as the trades. The prevalent S.W. windi 
this country may have, in part, such an origin. Tliese winds 
are the chief rain-bearers to tlie British Isles ; and hence the 
rotation of the earth is not without its effect upon the water- 
supply of the Thames basin. 

The diurnal rotation of the earth sufficiently explains a 
good many of the apparent movRinents of the heavenly 
bodies. Thus, every day, the sun appears to rise towards the 
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east, and, after marching across the sky in a curved path, 
to set towards the west. Every night, too, some of the stars 
appear, in like manner, to rise and set ; and this is what they 
must certainly do, if, as we know to be the case, on inde- 
pendent grounds, the earth turns round upon its axis from 
west to east. 

Every one must have noticed in travelling by railway, that 
if his own train is in a station, alongside of another, he con- 
stantly fancies the other train is moving, wJien it is his own 
which has gently started ; and, on looking out of the window, 
when the train is at speed, it may be really difficult to per- 
suade oneself that the telegraph posts, and the nearer trees 
and houses, are not whirling past the more distant objects, 
in a. direction contrary to that in which the train is moving. 
And although, when one looks at the rising or the setting 
sun, it seems contrary to the evidence of one's senses that 
the sun is not moving and the earth is ; yet this is one of 
the many cases, in which what is called the direct evidence 
of the senses is nothing but a hypothetical inteqjretation 
of the facts of which sensation tells us. That this appar- 
rently obvious and natural interpretation of the fact of the 
change of place of the sun and stars — an interpretation 
upon which the whole human race were agreed a few cen- 
turies ago — is wrong, and that it is the earth which rotates, 
has long been rendered highly probable ; and the experiments 
of M. Foucault some years ago completed the proof. 

The diurnal rotation of the earth does not explain all 
the apparent movements of the heavenly bodies. For 
example, it is observed that the sun does not rise, day after 
day, in exactly the same place. In mid-spring and in mid- 
autumn, it lises almost precisely due east ; but, in midsum- 
mer, it rises to the north of the east point of our horizon, 
and, m mid-winter, it rises to the south of this point. The 
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sun seems, in fact, to change his place in the heavens every 
day, but the circuit of changes is completed in the course 
of a year; so that, next midsummer, he will be again in just 
the same place as thatwhich heoccupied last midsummer. His 
apparent movement is, in fact, due to the m^ 
earth around the sun, in a direction, like that of its rotation, 
from west to east. And, just as the time of one rotation 
of the earth on its axis constitutes a day, so the lime of one 
revolution round the sun makes 3. year. This revolution is 
completed in about 365^ tiays.^ 

It is in consequence of this annual motion of the earth. 
that time, told by the stars, differs from time told by thi 
It was said above (p. 342), that the sidereal day is nearly 
four minutes shorter than the solar day. The sidereal day 
represents the period of the earth's rotation, but the solar 
day is due, not simply to the rotation; but to this move- 
ment, combined with that of theearth's progressive movement 
through space. The subject is worth examining, because 
it offers one of the best proofs of the earth's annual move- 
ment. Suppose that it were possible to see the sun and, at 
the same time, a certain star, on the meridian togethi 
noon to-day ; then, it would be found to-morrow, that the 
star reached the same meridian nearly four minutes before the , 
sun came there. But, it is clear, that if the earth simply 
rotated upon its axis, the star and the sun ought to reach 
the meridian at the same time. The delay in the sun's arrival 
is due to his apparent journey in the heavens, which is 
opposite to that of the diurnal rotation of the stars, so thi 

' More precisely 365 days, 6 hours, 9 minHtes, 1075 seconds of mei 
solar time. As the culendar year contains 365 &i.yi, the 
of a. day gives an additional day every fourth year, or leap year ; a: 
this addition, the correction necessary to cause the seasons to fall 
nonlhs of every year is nearW made. 
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J . the sun appears to move backwards among ihem. The slais 

[ are so extremely far off that their apparent position is not 

Vsensibly affected by our yearly march round the sun ; but the 

3 much nearer, that its apparent position is reialeriaJly 

f affected, and the sun, consequently, seems to lag behind every 

p day. As a complete revolution is effected in the course of a 

[ year, gj-jth part of the journey will be accomplished in a 

rday. But a circle is divided into 360 degrees : therefore 

j nearly one degree will be travelled over every day. Now the 

' 36Qth part of 24 hours is 4 minutes ; hence the change of 

position, due to one day's apparent annual motion of the sun, 

is equal to the change of position due to about four minutes 

apparent daily motion. 

The position which the earth occupies in relation to the 
sun, at different periods of its annual journey, will be under- 
stood by reference to Fig. iiz. This shows the earth at 
four successive positions corresponding to the four seasons. 
The track which the sun appears to follow in the heavens, in 
consequence of our motion round him, is called the ecliptic"; ' 
and if it be supposed that a flat surface passes through this 
path, and through the centres of the earth and sun, that 
1 surlace will forni tlie plane of the ecliplic, and will coincide 
L with the plane of the earth's orbit. 

From what has been already said {p. 340), it might be 

I .concluded, that the earth's axis is neither in this plane nor 

V perpendicular to it, but thai it is inclined to the plane. It 

a lact sloped, as represented in the figure, at an angle of 

32'; and the extent of the slope remains the same in 

Fcry part of the earth's path ; in other words, the axis may 

e said to remain parallel to itself, and to point to the s 

It of the heavens.^ Great as the diameter of the earth's 

called because eclipses only happen when the n 
I near 10 this curved path. 
' iLslioulii be mentioned, however, that the ^anil's ■^W ivAfts^'M^ 
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orbit is, it is insignificant when compared with the enormous 1 
distances of the so-called fixed stars. If, therefore, thfr I 
north pole of the earth points towards the pole-star at one I 
part of the earth's orbit, it continues to point towards i 
through its journey, though that journey forms an enormous j 
circuit in the heavens.^ 

Reference to Fig. ira will now show plainly enough how J 
the inclinatioti of the earth's axis affects the amount of J 
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light and heat which the globe receives from the : 
different seasons. Suppose that the earth is in the positioi 
a slow chanija of position, so that it does not always point to exactly ih*] 
same spot in ihe heavens. But this movement is so slow that it woiild^ 
take «S<868 ytars for the pole to malte a complete revolution. 

' If one walks in a circle ten yards io diameter, the apparent direo- 1 
lion of objects fifty yards off will be obviously altered at every step ;-, 
while the change of bearing of the spire of a distant church can only I 
be detected by a theodolite ; and that of a remote mountMn lop will J 
n unchanged, even with such help. 
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which she occupies on June 21, cepresented at No. i in llie 
figure. Here it is seen, that the inclination of the axis 
causes the norlh pole to be fully exposed to the sunj and 
the sun-lit half of the earth includes much more of the 
northern, than of the southern, hemisphere. As the earth turns 
round this sloping axis, the north pole and the surrounding 
parts will continue in sunshine, during the entire rotation. 
Within a circle measuring 23^° from the north pole, the sun 
will not set ; and, within a similar circle around the south pole, 
the sun will rot rise. Anywhere, outside the pola.r region.=, 
there will be an alternation of day and night during the 24 
, hours ; but the day and night will not be equal, except 
■ at the equator. Thus, a place in the northern hemisphere, 
t like London, will have the day much longer than the 
ight; for tlie figure shows that it will be kept, during 
fetation, longer in sunshine than in shade. In fact, when 
fee earth is in this position, it is midsummer in the northern 
liemisphere; and, as the figure shows, it is mtdwiriter in 
the southern hemisphere. These facts are more clearly 
indicated in Fig, 113, which is an enlarged figure of the 
earth in the same position as that of the small globe at 
No. I in Fig. 112. 

As the earth travels round the sun, from June to Septem- 
ber, it completes a quarter of its circuit. The days in the 
northern hemisphere have been getting shorter, and the 
nights longer ; and when the earth has reached the position 
of No. a in Fig. iia, or on September 12, it is illuminated 
as represented in Fig. tr4.^ Theboundary between the illumi- 
nated and the shaded halves runs directly along a meridian, 

' From the point of view from which this figure is supposed to be 
taken, the inclination of the axis is not at first apparent As the axis 
always points in one direction, it cannot now incline towards the sun as 
it did when in the position indicated in Fig. 1 13. In both iigures, a 
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from pole to pole. Every place on the earth's surface 
therefore be just as long in sunshine as in shade ; and ther«" 
will be equal day and night throughout the worltl, 




wild 
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In passing from No. a to No. 3 in Fig. iia, the n^hts iw 
northern latitudes get longer, and the days shorter, Wbenfl 
the earth is in the position of No. 3, which is about Decembtfv 

line drawn from the eanli id the sun is supposed ti 

of the paper. A plane drawn itirouKh both poles 

plane of the paper in Fig. 113 ; while, as llie earlh has Dioved throujibi 

a quarler of a circle in order to get into the position represented in 

Fig. 114, the plane of the poles is now at right angles lo that of llw| 

paper ; and the north cirqumpolai region is seen, foreshortened, L 

Hpper part of the fiEure. 
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21, it presents exactly opposite conditions of light and 
shade to those represented in Fig, 113. In fact, the north 
pole is now turned as far as possible from the sun, and the 
north-polar regions revolve in darkness, while the southern 
polar regions are enjoying uninterrupted dny. 

During the remaining half of its revolution, from No. 3 




[ to No. I, the earth passes through 1 
ir to those just described, but in an inverse order. 
1 she has reached the position indicated at No. 4, 
J she will do on March 22, there is again twelve hours 
Bshine in all parts of the world, 
t will now be understood that, at two periods in the 
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course of the year, when the earth is at opposite points i 
its orbit, the days and nights are everywhere equal. Thes* 
periods are known as the equinoxes} One occurs in Marcfa^ 
and is therefore known as the spring or venial eqitiiw:c, ani) 
tlie other in September, and is consequently called the 
autumnal ^uinox. Again, there ate two other periods, alsA 
when the earth is at opposite points of its path, when the 
inequality between the days and nights is fjreatesL These; 
periods are known as the solstices? 

In discussing the earth's revolution round the s 
should be mentioned that the orbit is not strictly a cird^ 




but is a curve of that kind which was described in the last 
chapter as an ellipse. In an ellipse (Fig. 115) the longest 
diameter, AB, is called the major axis, and the shortest 
diameter, CD, the minor axis. On the major axis, there a: 
two points which have this property : — any two lines draw) 
from them to the same point of the curve, are alwa}r] 
when joined together, of equal length to the same strai|^ 
line. These two points are known as the foci of thi 
ellipse. In the great elliptical path of the earth, the su 
occupies one of ttiese foci, as at S. It is plain, then 

' Equinix, from Lat. irqtnis, cfjiial ; upi, nighi. 
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fore, that, when the earth is at A. it must be nearer to the 
sun than when at B. The nearest distance is called the 
pmlielion^ and the greatest distance the aphtUon!* 

It would, at first sight, seem a very fair assumption that 
when the earth is at perihelion it should be hottest, because 
it is then at its nearest point to the sun. As a matter of 
fact, however, the earth is at perihelion about Christmas 
which is almost the coldest part of the year, in the northern 
hemisphere; and it is at aphelion about the beginning of 
July, There are, indeed, several influences which tend to 
neutralize the effects of the sun's proximity. Thus, when 
the earth is at perihelion, the days with us are short, for the 
sun is not long above the horizon. Nor does he rise high 
in the sky, at this season ; and, hence, the rays fall very 
obliquely upon the eartli ; so that they have less beating 
effect than if tliey fell more directly upon the surface. 
Again, it must be remembered that the earth moves more 
rapidly as it approaches the sun. These influences more 
than neutrahse any augmentation of heat which may be due to 
increased nearness to the source of heat; hence, the apparent 
paradox, that the earth is nearer to the sun during our 
winter than during our summer, becomes easily intelligible. 

It is evident that the temperature of any locality depends 
chiefly on the duration of its supply of sunshine, and on the 
direction in which the sun's rays are received. In this 
country, for example, the temperature is highest when the 
sun has been shining during the long days, and when he 
rises highest iu the sky. But the altitude, or height of the 
sun above the horizon, in England, never exceeds about 
two-thirds of the distance from the horizon towards the 
zenith. 

' Prrihaluin, from "tp!, feri, near ; liktas, helms, the sun. 
' Afhelan, ftamiTra, iifn, from ; and ^A,:si, 
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At the equator, the sun is directly overhead, or in tte 
zenith, at noon in the spring and autunan, and is never n 
than 23^° from the zenith at either solstice ; while the days 
and nights are of practically equal length all the year round. 
Within a circle of 235° latitude, on each side of the equator, 
there is a belt called the torrid or tropical zone. At everf 
place within these zones, the sun is in the zenith twice 
a year, and is never more than 47" from the zenitbt 
Hence the intense heat of tropical regions. The boundariei 
of these zones are called tropics; and the countries juf 
side these circles form sub-tropical regions. 

Around each pole, a circle of 23^° radius may be drawn 
which will include the polar regions or frigid zone. 
Northern circle is called the Arctic^ and the southern jl 
called the Antarctic circle. At the poles themselves, the 
is above the horizon for six months continuously, and belol 
it for an equal period. But, though the polar day is sc 
the extreme obliquity of the rays prevents the continue< 
sunshine from having so great a heating power as it wouU 
have further south. In fact, at the poles, the sun 
rises more than 23^° above the horizon. 

Between the polar and the tropical zones, there is, in ead 
hemisphere, a broad belt of the earth's surface, which B 
known as the temperate zone. The distribution of thi 
surface of the globe into zones is shown in Fig. 1 16. 

These zones are distinguished, as has just been explained 
by their differences of climate. The principal factor in tl 
formation of climate is, of course, solar heat ; the climate Q 
any place depending, primarily, on the lengths of the dajl 
and nights, and on the relative duration of the seasons, 
climate is also greatly affected by the nature of the surfacfl 
whether it be land or water. Water parts with its hea 
much more slowly than the land does, and it thus retains 1 



THE MOVEMENTS OF THE EARTH. 



3S7 



which serves to equalize the temperature. On land 
L, the climate depends, to a very great extent, on the 
altitude. In fact, on ascending a high mountain, from a 
plain in a hot country, the traveller meets with changes in 
the character of the animal and vegetable life, which are 
similar to those changes which may be observed in passing 
from low to high latitudes. Even within the. tropical 




^one, the highest points of the existing high lands are 
covered with perpetual snow. Climate is also modified 
by winds, which transport heat and moisture from one place 
to another ; and by marine currents, such as the Gulf Stream, 
the influence of which has already been described {p. 173). 
Climate determines, to a very krge extent, the character 
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of the animal and vegetable population of a country, or its 
fauna and its flora. In studying tlie past history of the 
basin of the Tiianies, as revealed by the oi^anic remains; 
described in Chapter XVII., it is evident that this area has. 
at different tiraes undergone great vicissitudes of climate; 
at one time supporting a tropical or sub-tropical vegetation, 
(p. 288), and at another time offering a congenial feeding- 
ground to herds of northern mammals, such as the musk- 
sheep (p. 283). These differences of chmate may be par- 
tially accounted for by alterations in the relative distribution 
of the masses of land and water ; but some of the climatic 
changes appear to have been so extreme, that the geologist 
has been led to seek their explanation in astronomical 
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Reference has frequently been made, in ihe course of Uie 
foregoing chapters, to the effects of solar Iieat upon the 
earth. Such references, however, have been incidental 
rather than direct ; and little, or nothing, has been said, of 
set purpose, about tlie sun itself. It is proposed, therefore, 
in this concluding chapter, to give a simple sketch of 
what we Vnow about the nature of the sun ; and to show 
that the influence of this body may be regarded as tlie 
prime mover in the production of most of the phenomena 
which are exhibited within the basin of the Thames. 

When the sun is shining in its full splendour, it is much 
too dazzling an object to be looked at with the unprotected 
eye. Viewed, however, through a misty atmosphere, or 
through a dark-coloured glass, it presents the appearance of 
a luminous disc, which is usually perfecdy circular in shape 
and homogeneous over its entire surface,^ The size of this 
bright disc does not, however, remain precisely the same 
throughout the year. It was explained in the last chapter 

' " Usually," because the shape of Ihe disc is sometimes distorted hv 
atmospheric lefniction, while its uniformity is occasionally, though 
rarely, broken by dark spots large snough lo be Eeeo by Ihe unassitled 
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(p. 354) that, in consequence of the shape of the eartW 
orbit, we are not always separated from the sun by the 
same distance ; being, in fact, much nearer in Dec 
than ill July. This difference of distance causes a, 
sponiiing difference of apparent magnitude in the sola 
The apparent size of an object, as every one knows, 
according to the distance at which it is viewed, so that 
halfpenny, held at arm's length, may actually seem larg^ 
than the entire sun. 

Suppose that an object is situated at A B (Fig. i r 7) ; 
apparent height will be measured by the inclination of tb 
two lines, A O, B O, which are drawn from the opposite ex- 
tremities of the object to the centre of the eye. A larger 




object will give a larger angle, and a smallei object a smalW 
angle. Tlie apparent magnitude of an object will therefortf 
depend upon the angle which it forms, or subtends, at the 
eye. If a small object, C D, be interposed in the li 
sight, it may be so pls.-ed as to subtend precisely the sarae 
angle. Hence, a small object, near to the eye, may appeaf 
Just as big as a large object which is a great way off 

It is easy to see from such a diagram as Fig. ir;, how the 
actual size of the sun may be measured. Let a circular 
disc, say one inch in diameter, be cut out of cardboard ; 
tokethe halfpenny mentioned above, for this has exacflt 
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the diameter of one inch. Hold the disc, or tJie coin, at 
such a distance from the eye liiat it just covers the solar 
disc; keeping the object, of course, square to the line of 
sight. It will be found that the required distance is about 
nine feet. Now on reference to Fig. 117 it will be seen 
that the object A B has exactly twice the lieight of the 
object C D, and that it is also placed at exactly twice the 
distance ; under these circumstances the two objects appear 
to the eye at to have precisely the same height. To speak 
generally, the actual heights of two bodies which have 
the same apparent height, are directly proportional to their 
distances. Hence, the distance of the halfpenny bears to 
the distance of the sun just the same proportion that the 
actual diameter of the halfpenny bears to the actual diameter 
of the sun. The actual diameter of the sun is therefore 
found by a simple mle-of three sura ; ^ provided, of course, 
that the sun's distance be known. Astronomers have 
measured this distance, by methods too complicated to be 
described here, and have found it to be rather more than 
ninety-one million miles.^ Hence, it follows, that the diameter 
of the sun — that is to say, the distance measured from 
side to side through the centre of the sun — is about 853,900 
miles. The sun's diameter is therefore more than 107 times 
as great as the earth's diameter. 

This comparison refers only to diameten. If sections of 
the sun and of the earth were made exactly through the 
centre of each, the area of the sun's section would be 107 

' It will be understood Ibnt this rough method is simply introduced to 
illostrate 'Cii^frimipU on which such meosuremenls are made. 

' As the earth is nearer lo the sun at one season than at another (p. 
354}, the mean, or avenge distance, may be taken. 1 he sun's greatest 
distance from the ear[h is 92,963,000 miies, and tls l«ast distance 
89,897,000 miles; hence the mean is 91,430,000 miles, ot about 107 
diamefeis of the sun. 



limes 107 limes as great as the earth's section. And if the 
noliimes, or bulks, of the two bodies were compared, 
would be found that the sun's bulk is 107 X 107 x ic 
times greater than the earth's bulk. In other words, 
would require more than a million and a quarter of bodies, 
having the same bulk as the earth, to be rolled together 
order to form a globe equal in size to the sun. 

No adequate notion of the dimensions and of the distance ' 
of the sun is gained by casting the eye over the figures,' 
which represent these magnitudes. But some conception of 
its enormous size may be formed by reference to Fig. ii( 
which shows a section of the sun, taken through its centre, 
compared with a similar section of the earth. It was shown ii 
Chapter XIX. that the earth is a ball of vast dimensions ; 
but it is, seen by Fig. 118, that this huge ball sinks intol^ 
utter insignificance when compared with the mighty sphere 
around which it revolves. 

As to the distance which separates the sun from the earth, 
that may be represented in a variety of ways ; but, by none 
perhaps more strikingly than by that which Sir John ' 
Herschel has employed. He tells us that the ball of a 
Armstrong loo-pounder quits the gun with a speed of about 
400 yards per second. Now if this velocity could be kept 
up it would require nearly thirteen years before the ball 
could reacji the sun 1 

Soon after the discovery of the telescope, it v*as directetj 
to the examination of the solar disc. It was thus found, ilT 
the beginning of the seventeenth century, that the s 
face, instead of being uniformly bright, is usually spotted 
with patches which appear dark, inasmuch as they are lesa 
luminous than the intensely bright surface which sorroundB. 
them. Very little observation is needed to show that thesft 
SDOt^are not constant, either in shape or in position- 
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sometimes indeed, though but rarely, they are altogether 
absent, and the face of tlie sua then seems perfectly pure. 
If the spots are watched day after day, they may be seen to 
march slowly across the disc, all moving in the sair.e 




direction from the eastern etige or limb, towards the western 
side, and completing the march in about fourteen days. A 
fortnight afterwards, some of the very same spots which 
were lost may possibly reappear on the eastern edge, though 




altered in shape. Tliis regular movement of the spoia 
teaches us that the sun rotates on its axis, and thus 
resembles the earth. One rotation of the sun is accom- 
plished in about twenty-six of our days.' 

From the different forms which the same spot appears to 
assume, in passing across the disc, it may be inferred that 
the shape of the sun is spherical j an inference which has 
been abundantly corroborated by other observations. A 
given spot, when near to the margin of the disc, is fore- 




shortened, and presents quite a different appearance from 
that which it shows when in full view near the centre of 
the, disc. Fig. 119 is a central view of a great sun-spot 
which appeared in 1865. 

If the spots always travelled across the disc in straight 
lines parallel to the sun's equator, it would obviously indicate 
that the sun revolved in an upright position ; that is, with 

■ This time diifers from tlie lime given above as lliat at ivbieh a spot 
Ii1)|i«irs and reappears at the pame edge nf llie disc (about zS days). Tlie 
differtni^ is due to the enrth's revolnlian. 
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its axis perpendicular to the plane of the earth's orbit. But, 
as a matter of fact, the spots travel in this direction only at 
certain seasons, and, at other times of the year, they may be 
seen moving in curved lines ; the direction of the curve 
being sometimes towards the north, and sometimes towards 
the south. This change of direction is represented, though 
very much exaggerated, in Fig. 120; where the first figure 
indicates the apparent direction of movement in March, the 
second in June, the third in September, and the fourth in 
December. These varying directions of the paths of the 
spots at different periods are easily explained by supposing 
that the sun's axis is not perpendicular, but is oblique to the 
plane of the ecliptic ; so that, sometimes, the sun's axis is 
inclined towards us, and, at other times, is directed from us. 
The rotation of the sun therefore takes place, like the rota- 
tion of the earth, around an inclined axis. The inclination 
\ of the sun's axis, however, is very much less than that of 
I the earth's axis; being, in fact, only about 7^° from the 
[■vertical. 

Observations on the motion of the sun-spots have also 

Established the fact that the sun is not strictly a fixed body, 

which the earth revolves, but that it has a motion of 

s own through space. The earth, indeed, not only revolves 

1 nearly circular path round the sun, but, as it travels, it is 

Tied along with the sun at an enormous speed. Hence, 

e actual path which the earth describes in the heavens 

be compounded of these two motions, and will 

4)robably be a spiral. 

As so much of our knowledge of the sun has' been 
jderived from a study of its spots, it is worth while to inquire 
Es littie more closely into their nature. Eeference to Fig. i ig 
\ will show that a spot is not equally dark throughout ; the 
■jfringed margin, represented by a half-shade in the figiire, is 
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called Che^««m^a,' while the darker shade represents the 
umbra; and, within the umbra itself, there may sometimes 
be detected a yet darker part, which is called the midetis. 
There is reason to beUeve that these spots are nothing but 
gigantic cavities, and that differences of shade correspond 
to differences of depth, the nucleus thus representing the 
most profound part of the hollow. The intensely lumi 
part of the sun, which is the seat of these spots, is called the 
photosphere? It appears to consist of incandescent cloud- 
like matter, which is subject to violent disturbances, whereby 
depressions are produced, into which the solar atmosphere 
rushes from higher regions. The rapid changes in the shapi 




of certain sun-spots indicates the violence of this action. 
Some of the spots are so large as to occupy millions of 
square miles on the sun's surface. 

Viewed through a powerful telescope, the whole surface 
of the sun seems to be coarsely mottled. This mottling 
is probably due to irregularities in the cloudy surface. 



Lower levels 



indicated by the darkened spots, 



these parts, light is iost by absorption through the 
overlying atmosphere ; where, on the contrary, the light is 
unusually bright, there the sun-clouds are probably unusually 
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higli : such brilliant patches generally appear as streaks i 
the margin of the solar disc, and are termed /acu/,e.^ 

Above the luminous photosphere is another envelope, 
which is known as the chromosphere. During a total solar 
eclipse, when the sun is obscured by the moon's shadow, 
the dark disc is seen to be surrounded by a "glory," or 
fringe of radiant light, which is called the corona (Fig. 121), 
Within tlie corona, around the margin of the disc, variously 
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coloured prominences maybe detected; and fanlastically- 
fihaped tongues of red flame may be seen to dart forth, 
sometimes to the extent of 70,000 miles or even to greater 
distances. Under ordinary circumstances, these effcctg are 
not visible, in consequence of the overpowering light of the 
photosphere. But a method has been devised by M. 

> Fi'nih. H lillle torch, ilimmulivc of I.at. fax. 
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janssen and Mr. Lockyer, whereby these prominences may, 
be examined without waiting for an eclipse. Such examinar 
tion has shown that the red flames consist, for ilie most part,, 
of the gas hydrogen (p. 103), Above the region of ii 
descent hydrogen, there appears to be an enormous t 
lope of the same gas in a comparatively cool state. It ii 
curious to find that the gas, which forms so large a propor- 
tion of tJie water of the earth, should be an important 
constituent of the sun. One of the chief chemical c 
ponents of the river Thames is, in fact, one of the chid 
components of our central lumii.ary. 

It seems almost incredible that a person situated on the,' 
earth should be able to learn anythmg about the chemical 
constitution of the sun, which we know to be at least 91 
millions of miles away. To attempt to subject the su 
any of the ordinary chemical processes of the laboratory is, 
of course, quite out of the question ; but, within the last 
twenty years a new method of analysis has been introduced, 
whereby a great deal may oflen be learnt about the chemical 
composition and the ))hysical constitution of an unknown 
body, by proper examination of the light which is emitted 
when the body has been heated until it becomes luminc 

Without entering into a close description of this method, 
which has been apphed with such signal success to ih^ 
examination of the sun, it is sufficient to remark that, whea 
a beam of sunshine is allowed to pass through a sm; 
aperture in the wall of a dark chamber, and then 
traverse a Ihree-sided glass prism, like the drop of a lustr^ 
it does not fall as a spot of white light, but is turned aside 
from it.5 course, and spreads out into a broad band, which 
presents all the colours of the rainbow. This coloured.' 
band is called a spectrum. The course of such a beam of 
jtight is exhibited in Fig. 12a ; where A is the slit through. 
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which the light is admitted, and C is the cross-section of the 
prism : instead of falling as white light at B, the beam is 
deflected from its original path, and widens into a many- 
tinted band, DE, with red at one end and violet at the other 
extremity. 

On closely examining the spectrum of the sun, which 
has thus been formed through a narrow slit, it is found to be 
crossed by a multitude of fine dark lines, which are indeed 
so many spaces in the bright band. A spectrum obtained 
from an ordinary gas-flame, or from the electric light, differs 
from the solar spectrum by being destitute of these dark 




Fig. 122. — Formation of the solar spectrum. 



lines ; the light of the flame being unbroken from end to 
end. But, if certain gases or vapours, such as hydrogen or 
sodium-vapour, be burnt in the path of the artificial light, 
lines are immediately produced in the spectrum. If the 
temperature of the substance which produces the lines be 
lower than that of the substance which gives the continuous 
spectrum, the lines will appear dark ; if the temperature be 
higher, the lines appear bright. Lines produced in this 
way have a definite position in the spectrum, so that the 
same chemical element, under the same circumstances, always 
gives the same set of lines. It is plain, therefore, that, by 
observing the position of the lines in the solar spectrum, 

B B 
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and comparing them with the lines which are produced by 
the combustion of various terrestrial elements, the presence oi 
absence of such elements in the stin may be inferred. Fo* 
the examination of the spectrum, special instruments, called 
spectroscopes, are employed ; and the method of research, 
itself, which was suggested and worked out by Profs. Bunsea.' 
and Kirchhoff, is known as spectrum analysis. 

By means of spectrum analysis, it has been found that tht: 
siin contains a large number of elements, including hydrogen, 
sodium, lithium, calcium, barium, magnesium, zinc, iiOD,. 
manganese, nickel, cobalt, chromium, titanium, aluminium, 
and copper.' 

From the surface of the sun, enormous quantities of light 
and heat are continually being radiated, or thrown out into 
space, in all directions. The earth, however, on accoimt 
of its small size and its great distance, can receive but 
an extremely small proportion of tlie total amount which is 
thus shed. In fact, it is calculated that our globe receive* 
less than the two-thousand millionih part of the total quantity 
of the' sun's ^ight and heat. All terrestrial phenomena, 
which depend upon solar light and heat, are therefore 
effected by means of this extremely minute fraction of tha 
sun's stores of energy. 

The sun is not only the principal source of heat and, 
light to our earth, but it is the centre of attraction by whicfc 
the revolving globe is maintained in its regular orbit, 
a piece of iron be held in front of a powerful magnet, i 
will rush to the magnet, although there is no visible bond 
between them. If the same piece of iron be left UDGUp< 
ported in the air, it does not remain suspended, but a 
once falls to the ground : in other words, it moves towar 

' For a detailed accouot of the eonf^titution of the siui, see Ctrntri 
btUions lo So.'ar Pliysics,hy ], Norman Lockyer, F.R.S, ; 1S74. 
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t as it moved towards the naagnet ; though in 

S is there any visible cause of motion. The 

of the motion of the iron towards the 

f called magnetism ; the cause of the motion of 

ards the earth is called graviiaiion.^ 

y of bodies to fall towards the earth is called 

\ and, the nearer bodies on the outside of the 

le earth's centre, the grijater is their weight. 

;e of the earth's spheroidal shape, a body at 

i more distant from the earth's centre than 

r of the poles. Hence, a given mass of matter 

; index of a spring weighing-machine to 

1 in London will cause it to mark rather 

1 pound in tlie polar regions, and rather less 

1 the equatorial zone. If the same body 

-. carried into space, and placed aloof from the 

: of all gravitation, its weight would entirely dis- 

, though the quantity of matter which it contained 

remain unaltered. 

Cavitation is by no means confined to the earth, but is 

1 greater or less degree, by every mass of matter 

. Of two bodies containing different quan- 

it-s of matter, each tends to move towards the other, but 

1- amount of motion of each will be less in proportion as 

. mass is greater. This fact is generally expressed by 

^ying ti\a.t the two bodies attract one another, and that 

.he greater the mass, the greater is the intensity of the 

attractive force. Now the sun is a gigantic mass of matter, 

and it attracts all those bodies, including the earth, which 

circulate around it. At present (October, 1877) astronomers 

^be acqu^ted with 182 bodies caMedp/ane/s, which revolve 

^lar orbits round the sun. By far the greater number 

' Granitatiim, from Lat. gra vilas, weight. 
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pf these bodies are comparatively small and iiniraportant j 
but eight of them are large planets, of which the earth is 
one, though by no means the largest. All these planett' 
are retained in their orbits by their gravitation towards thei 
sun, which forms the gre.it centre of the solar system. 

Let a ball be tied to a piece of string, and whirled rapidly 
round ; and while revolving ic this , let the string be- 
suddenly cut. The ball does not continue to move i 
circle, but darts off in a straight course, until brought to the 
ground by terrestrial gravity. In like manner, the earth 
would rush into space in a straight path, if the bond irf 
gravitation, which plays the part of the string, were broken, 
between the sun and the earth. The revolution of the. 
earth in a nearly circular orbit is, therefore, maintained by 
releans of gravitation. 

Everything upon the earth's surface is subject to terresf 
trial gravity. Every particle of water tends to fall towardSi 
the centre of the earth, and thus the waters of the ocean 
are bound down so as to form an envelope around the 
globe. But while the water is thus held to the eartii, 
also attracted by all the other components of the unive 
and, as the particles of water are free to move, the position 
of any given particle, and, hence, the form of the surface of 
the whole ocean, must be determined, other things being 
alike, by the balance of all these attractions. Most of the 
bodies which he outside the earth are so distant that their 
influence is inappreciable ; but it is otherwise with the ! 
and the moon. Each of these pulls the water, which lies 
on the face of the globe which is turned towards it, away 
from the solid earth ; while, at the same time, it pulls tlie 
solid earth away from the water which lies on the opposite 
face of the globe. 

In any parallel of latitude, which traverses nothing bat 
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sea, the contour of the latter, if left to the attraction of the 
earth alone, will be, sensibly, a circle. Now suppose the 
sun or the moon to come to any meridian of that parallel, 
then the attraction of these bodies will convert the contour 
of the ocean into an ellipse, of which the long diameter 
will pass through the meridian in question, and that i8o® 
from it; while the short diameter will traverse meridians 
at 90° from these two. 

If, before the intervention of the sun or moon, the water 
were everywhere of the same depth, it would now be 
deepest at the two meridians, 0° and 1 80° ; and shallowest 
at 90° and 270°. In other words, it would be high water at 
the former, and low water at the latter meridians. 

Supposing the sun or the moon to be stationary, it is 
obvious that, in the course of the diurnal rotation of the 
earth, every point of the ocean under the parallel of latitude 
in question will have been twice raised to the height of high 
water, and twice lowered to the depth of low water ; which 
comes to the same thing as if a wave, with a crest the 
height of high water and a trough the depth of low water, 
had passed twice round the parallel in the same space of time. 

Thus, the rotation of the earth, combined with the attrac- 
tion of the ocean by the sun and moon, gives rise to solar 
and lunar tidal waves. If the free motion of the waters^ 
of the ocean were not interfered with by the conformation 
of the land, and if there were no moon, high water would 
always take place a little after noon and midnight ; and low 
water would be a little after six o'clock in the morning and 
evening. Moreover, the rise and fall of these solar tides 
would be much less than our actual tides. For the great 
distance of the sun weakens his tide-producing value to such 
an extent that his effect, as compared with the moon's, is 
only as 4 to 9, or thereabouts. 
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The lunar tides, therefore, are much more important than 
those caused by the sun. If the moon always came to the 
meridian at the same time as the sun {as is the case at new 
moon} it is obvious that the lunar tide would strengthen t 
solar tide, and solar and lunar high waters and low watt 
would correspond. 

Again, if the moon were always jSo" from the sun (as 
the case at full moon) the attractions of both would still 
conspire, though not so completely, to the same end, and the 
times of high and low water of both would still coincide. 

On the other hand, if the moon always caroe to the meri- 
dian six hours sooner or later than the sun, it is obvious 
that the two tidal waves would tend to neutralize i 
another. It would be sun ;low water when it was moon 
high water, and i-ict versd. In the former cases the high or 
low water would be the sura {or nearly so) of the solar and 
the lunar high or low waters, while, in the latter, it would 
be their difference. 

As a matter of fact, the moon, revolving round the earth J 
in a lunar month, comes to the meridian about fifty minutes 1 
later every day, and constantly changes its position in rela- ; 
tion to the sun. Hence, in the course of every lunar month, ] 
there are two periods {new and full moon) when the times o£b 
solar and lunar high water coincide, and the vertical move- f 
ment of the water is greatest ; and two periods {first and 1 
third quarters) when solar high water coincides with lunar I 
low water, and the converse, and when therefore the | 
vertical movement of the water is least The former are j 
called spring lides, and the latter neap tides}- 

In the open sea, the water is raised by the attraction of thej 



It «ill be understood that 
of tte tides is attempted to he 
befondtlic scope of this work. 



nly It very general notion of the o 
So complicated ■ 
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moon, or of the moon and sun combined, and then falls ; so 
that the true tidal wave represents a mere oscillatory move- 
ment up and down. The lunar wave rises, in the open ocean. 
to a height of about sj feet, and the soiar wave to about 
one foot. But, in narrow channels, the tidal wave gives 
rise to a wave of translation, and the water actually 
moves backwards and forwards (p. 180). This was seen to 
be the case in the tidal part of the Thames, which was referred 
the opening sentences of the first chapter. 



The movement of the water of the Thames at London 
Bridge, in fact, formed the starting-point of the studies 
which have gradually expanded into these one-and-twenty 
chapters. " What is the source of the Thames ? " was the 
question first proposed for discussion ; but, simple as this 
question seemed, it could not be answered, even in outline, 
until this last chapter had been reached ; and something had 
been said about that vast body, more than ninety millions of 
fniles away, around which the earth is constantly circling. 

The Thames is fed, directly or indirectly, by rain ; 

land the rain is condensed from vapour, which has been 

3 the atmosphere by means of solar heat. With- 

sun, therefore, there could neither be rain not 

ivers ; and hence it is not too much to say that the origin 

if the Thames is ultimately to be traced to the sun. Eain 

is dependent for its distribution upon currents in the atmo- 

(here, but these currents are due to disturbances of equili- 

which are brought about by means of solar heat. 

ithout the sun, then, there could be no winds. The 

rents of the sea engaged attention in another part of our 

irk ; but here again the sun is the prime mover. Whatever 

r be taken of the origin of such currents ^whether they 

due to the immediate action of winds, or to variations 
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of temperature in the water, or lo the excess of evapoiatiotf ' 
in one place, over that of another— it is clear that the sun 
is the real agent in the formation of ocean -currents. 

In another chapter, attention was directed to the phenot 
mens which are presented by cold, and especially to thft 
formation of glaciers ; here, if anywhere, it might have been 
supposed that the sun certainly had no part to play. Yet 
it must be remembered that the ice of a glacier is wat» 
whith has been distilled by the sun's heat, and that the 
descent of snow in one place coijrotes the evaporation of 
wafer in another locality. Without the sun, therefore, there 
could be no glaciers. 

Considerable attention was given, in several chapters, to 
the phenomena of life, so far as they bore upon the subject 
under discussion. But every one knows that heat and light 
are such necessary conditions for the manifestation of life 
that the earth wotild become lifeless if sunshine were 
withheld. Without the heat which is derived from the s 
the temperature of the earth would fall far beiow the limit 
at which life can be sustained. Green plants decompose 
carbonic acid, and obtain their supply of carbon, only 
under the influence of sunshine ; and it has often bees 
remarked that our stores of coal represent so mucii 
shine of the Carboniferous period. Nor is this a merft 
wild fancy ; for without the sun there would certainly havQ 

In studying the geological structure of the Thames basuL 
it was shown that the country had experienced great changes 
of climate at different periods of its history; and i 
changes depend entirely upoa our varying relations with the: 
sun. In fact, without the sun, the Thames could have had 
no geological history ; for the upper beds, out of which i 
basin is shaped, are almost exclusively made up of fragments 
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which have oeen worn from. pre-existing- land by means of 
running water ; and the flow of water must be connected, 
directly or indirectly, with the action of the sun. 

And thus we reach, at last, the gOal of our inquiry. At 
the furthest point to which we have pushed our analysis 
of the causes of the phenomena presented to us, the sun is 
revealed as the grand prime mover in all that circulation 
of matter which goes on, and has gone on for untold ages, 
within the basin of the Thames ; and the spectacle of the 
ebb and flow of the tide, under* London Bridge, from which 
we started, proves to be a symbol of the working of forces 
which extend from planet to planet, and from star to star, 
throughout the universe. 
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Bristol Channel, x8o 

British Channel, 30, 128 

British Isles, 1^9,164, 183, 185, 203, 211, 399 

*' Brown coal, 344 



Cachar, earthquake at. 188 

Cainozoic series, 390 

Caldy, cave in isle of, 133 

Camden Square, rainfall in, 48 

Cannon Street, section in. 375, 39S 

Cafions, 135, 137 

Carbonic acid, 80 — 85, 334 

Carboniferous period, 377 

Cardinal points, 6 

Caspian Sea, 306 

Catchment-basins, 34, 145 

Caverns, 122, 383 

Cells, 330 

Celts, 386 

Chalk, the, 37, x66, 213, 273, 390 

"iChallenger expedition, 176, 177, 193, 

333, 261, 369 
Charcoal, 338 
Charles's Wain, g 
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Charts, 5, 92 

Chemistry of water, 100, 115 

of the sun, 368 
Cherwell, the, 5 
Chile, 186, 187 
Chiltem hills, 16, 17 
Chlorine, 109 
Chromosphere, 367 
Churn, the, 5, 35 
Cicatricula, 225 
Cinder cone, 191 
Cirencester, 4 
Clapham Common, 139 
Clerkenwell, 27 
Climate, 357 
Clouds, 41, 42 
Club-fliosses, 241 
Clyde, the, 211 
Coal, 234—245, 377 
Coast, wasting of, 169 
Coccoliths, 267 
Cocospheres, 267 
Cole, the, 5 
Coin, the, 5, 37 
Colne, the, 5, 36 
Colorado, 124, 135, 137, 162, 201 
Combustion, 80 
Conduction, 177 
Confluence, 4 
Conical development, 334 
Convection, 177 
Co-ordinates *. f a point, 326 
Corals, 246^259 
Cornwall, 46, 301 
Corona, ^$7 
Cotteswoid hills, 17, 73 
Craters, 189 
Crayford, 281, 286 
Crevasses, 161 
Crystals, 55, 57 
Cup-coral, 249 
Cumberland, 46, 130 
Cup-coral, 249 
Currents, 173, 177, 179 
" Cyclops ** expedition, 261 



Darent, the, 5 

Dead Sea, 307 

Dee, the, 125 

Degrees, 328 

Deltas, 143 

Denudation, 130, 134, 179, 183, 218 

gew, 39, 51 

Diagrams, ifo 

Diatoms, 230, 268 

Dip of strata, 24 

Distillation, 73 

Distribution of land and water, 298 

Dogs, Isle of, X42 

"Dolphin** expedition, 261 

Doulagiri, 306 



Dover, straits of, 301 
Downs, the, i6, 17, 290 
Drainage system, 138 
Drift, 165, 278 
Drifts Tor currents), 173 
*' Dutch rushes,'* 232 
Dykes, 193 

£ 

Earth, the. 317, 325, 337, 346, 350, 363 

Earthquakes, 185, 187 

Ebb tide, 2 

Ebullition, 67 

Ecliptic, 349 

Egypt, 143 

Electrodes, 102 

Elephant, extinct, 282 

Elk, Irish, 283 

Ellipticity, 326 

England and Wales, rainfall of, 46 

Epsom salts, 124 

Equator, 32* 

Equinoxes, 353 

Enth, 281, 286 

Estuaries, 181, 182 

Etna, 194 

Eton, 28 

Eurasia, 303, 306 

Evaporation, 50, 66, 129 

Evenlode, the, 5 

Everest, Mount, 306 

Evolution, 226 

Ewen springs, 37 



Faults in strata, 30, 215 

Fauna of Thames Basin, 283 

Ferns. 235 

Finchley, 165 

Fixed-air, 82 

Flemingites, 240 

Flint-implements, 285 

Floods, 2, 133, 143 

Fluids, 88 

Fogs, 44 

Foraminifera, 266, 270, 291 

Foraminiferal land, 260 

Forests, ancient, 21 2, 242 

Fossils, 225, 229, 288 

France, extinct volcanoes of, 193 

Freezing-point, 178 

Freshets, 142 

Fringing-reefs, 253, 258, 359 

Fronds, 235 

Fruits, fossil. 288 

Fuller's earth, 36 



Ganges, the. 145, 147, 161 
Gases, 86, 245 
Gault, the, 37, 297 
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Geneva, Lake of, 141, 143 

Geological sections, 23 

German Ocean, 301 

Geysers, 124, 201 

Giant's Causeway, 203 

Gibraltar, strait of, 308 

Glacial period. 164 

Glaciers, 155 

Glass, moisture exuded by, 51 

Globieerinae, 265, 268, 291, 292, 290 

Globillar projection, 332 

Graham Island, 198 

Grasses, 232 

Gravels, 27, 132, 140, 278 — 280 

Gravitatioo, 371 

Grays, 281 

Gray's Inn Lane, flint-implement from. 

285 
Great Bear, 9 

Great Britain, water-partings of, 19 
Greensa-'d, the, 37, 293 
Grenelle well, 34 
Greenwich, 330 
Ground-ice, 153 
Gulf Stream, 44, 173, 357 



H 



Hail, 64 

Hammersmith, 28 

Hampshire basin, 214 

Hampstead, 25 — 27, 288 

Harrow, 27, 288 

Hartz, the, 244 

Hebrides, the, 301 

Hemispheres, 315 

Herculaneum, 192, 197 

Heme Bay, 170 

Highgate, 27, 288 

High-water mark, 180 

Himdlayas, 64, 306 

Hoar-frost, 65 

Holland, 145 

Holywell, 28 

Horizon, 320 

*' Horse-tails," 232 

Humber, the, 147 

Hydra machine, 262 

Hydrochloric acid gas, 109 

Hydrogen, 86, 103, 115, 368 ^ 

Hyetographical (or hyetological) maps, 46 

hygrometers, 52, 70, 71 

Hygroscope, 70 

Hygroscopic substances, 66 



Ice, 55—57. ^7* ^S©. '77 
Icebergs, 44, 57, 163 
Ice-crystals, 158 
Ice-flowers, 63 
Iceland, 134, 192, aoa 



IlFord, 281, 284 
Indian Ocean, 254 
Ireland, 19, 301 



Kanchinjanga, height of, 306 
Kennet, the, 5, 37 
Kentish Town, well at, 273 
Kh^i hills, rainfall in the, 48 
Kilauea, 193 



Labrador, 44 
Lagoons, 254, 259 
Lakes, 141, 307—309, 313 
Land, upheaval of, 186, 259 

oscillation of, 205, 206 

formatu^n of, by animal agencies, 
246 — 271 

distribution of, 294 

area of, 314 
Latitude, 328 
Lava, 191, 192, 203 
Lea, the, 5 
Leach, the, 5 
Lechlade, 3, 14 
Lepidodendron, 240 
Lepidostrobi, 240 
Lias, the, 35 
Lignite, 243, 245 
Limestones, 118 

Lion, extinct, in Thames valley, 283 
Lisbon, earthquake of, 188 
Little Hampton, 291 
Living matter, 125, 217 
Loadstone, 108 
Loam, 280 
Loddon, the, 5, 37 
London basin, 31, 33, 213, 215 
London Bridge, the river at, i, 14, 125, 

130. 329. 330. 375. 377 
London clay, 25—37, 139, 213, 229, 273, 

288, 297 
Longitude, 328 
Lycopodium, 241 



M 

Magnetic declination, 10 
Magnetic oxide of iron, 108 
Map^etism, 371 
Maidenhead 28 
Mammoth, 283 
Man, early existence of, 285 
Maps, 5, 6, II — 13, 46. 317 
Margate, 128, x66. x8i 
Marl, 280 
Matlock, 121 
Meaiterranean Sea, ^7 
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Romans, remains of the, 276 
Romney Marsh, 145 
Rocebndge colliery, aoo 
Rust, 75 



Sahara, desert of, 308 

Salisbury Plain, 290 

" Salses," 202 

Salt lakes, 307 

Salts, X16, 124, X28 

Sand, Z32 

Scale of maps, zi 

Scoria, 192 

Sea, the, distillation of fresh water from, 

water of, 127 

evaporation from, 129 

work of, 166 

temperature of, 177 

level of, 180, 211 

soundings in, 301 

curvatiu-e of, 319 
Sea-anemones, 247 
Sea-bottom, 217, 260, 291, 302 
Seathwaite, rainfall at, 46 
Secondary series, 290 
Seismologfy, 188 
Selenite, 120 

Serapis, Temple of, 206, 207 
"Serein," 41 
Seven Springs, 35, 36 
Severn, the, 17, 180, 298 
Shell deposits, 282 
Sheppey, Isle of, 170, 229, 288 
Shetlands, the, 301 
Ships at sea, appearance of, 3x9 
Sidereal time, 34X 
Sigillarise, 237 
Siuca, 132 
Skaptar Jokull, 192 
Sky, the, 43 
Sleet, 63 

Snow, 55, 61, 63, 67, 154 
Snow-crystals, 6z 
Snow-line, 64, 163 
Snowdon, 58 
Sodium, Z07 
Solfatara, the, 209 
Solstices, 352, 353 
Sounding, 261, 30Z 
Specific gravity, 85 
Spectrum analysis, 368 — 370 
Sphagnum, 233 
Sporangia, 241 
. Spores, 240, 241 
Springs, 21 - 38 

petrifying, 120 

chalybeate, 124 

hot, 202 

Spring-water, 118, 124 
Stahiae, X97 
Staffordshire, South, 243 



Stalactites, 122 

Stalagmites, X22 

Steam, 39, 86, 105 

Stereographic projection, 33a 

Stigmariae, 236 

Strata, 24, 214 

Sun, the, 349, 350, 359—377 

Sun-spots, 36a 

Switzerland, 59, 163 

Synthesis, ixi 

Syref ord spring, 36 



Teddington, 2—4, 15, 73, 128 
Temperature, rise and fall of, 41 

with regard to evaporation, 68 

of the sea, 177 

below surface of earth, 199, 200 
Tertiaries, L.ower London, 32, 213, 273 

280 
Tertiary series, 290 
Thame, the, 5, 129. 

Thames, the, at London Bridge, &c., z, 
125, 130, r8o 

tides of, 2, 375 

sources of, 3, 73, 375 

map of, 6, XI 

fall of, 15 

valley gravel of, 28, 278 

rainfall of, 46 

as affected by atmosphere, 99 

origin of , XX4 

impurities of, 115, 126 

minetal matter in, 126 

saltness of, 128 

alluvial meadows along, X42 

no true delta formed by, X47 

solid matter carried to sea by, 148 

ground-ice in, 153 

estuary of, 169, r8i, 182, 912, 246 

rocks beneath, 204, 205 

ancient forests and peat in bed of, 212. 
234 

fossils from cliffs along, 229 
Thames Basin, X5, 20 

springs in, 27, 38, 126 

area of, 3^ 

rainfall of, 46, 65, 73 

gravel in, X32 

work of rain and rivers in, X39 

effect of denudation on, 148 

effect of ice in, 165 

marine waste in, 169 

formerly beneath the sea, 905 

geological structure of, 272, 377 

fauna of, 282 

past history of, 297 
Thames and Severn Canal, 37 
Thames Head, 14, 36* 37, 118, zao 
Thames Valley, 15, 2x9 
Thanet, Isle of, 145 
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Thermometers, 71, 91, 151, 199 
Tides, 2, 180, 374, 375 
Torricellian vacuum, 90 
Trade winds, X73,^45 
Trafalgar Square ^un tains, 33 
Travertine, 121 
"Tripoli," 230 
Tropics, the, 130, 356 
Turf, 233 



U 



Upheaval of land, 186, 218, 302 



Valley-gravel, 28 
Vapour, 66, 67, 86 
Vesuvius, 192, 19s — 198, 203 
Victoria Nyanza, 309 
Volcanic dust, 191 

bombs, 193 
Volcanoes, 185 

W 

Wales, 12, 46, 130, 236. 243. 244 
VVandle, the, 139, 280 
Wandsworth Common, 139 
Water, at London Bridge, &c., 2 — 4 

in the atmosphere, 40 

from the chalk, &c., 37 

crystallization of, 55 

chemical composition of, 100, 106, 115 

decomposition of, by electricity, loi ; 
by sodium, 107 ; by heated iron. 108 

action of heat on, X05 

formation of, 112 

analyses of, xi8 

hard and soft, 119, 120 



Water, salts of, lime in, 120 

organisms in, 125 

impurities of, 126 

mud m suspension in, 130 

carrying power of, 133 

contraction of, 152 

ice in, 177 

freezing-point of, 178 

high and low, 180, 373 

distribution of, 294 

area of, 315 
*'Water.dust,''^4i 
Water-partings, 18, 19 
Watershed, 18 
Water-works, 120 
Waves, 167, 172, 374 
Weather-charts, 92 
Wells, 28, 36, 126 

borings for, 32, 273 

artesian, 33 
Westminster, former water-supply of, 28 
Wey, the, 5 
•• White coal," 240 
Wight, Isle of, 214 
Wimbledon Common, 139 
Windrush, the, 5 
Winds, 42, 173, 344 
Windsor, 3 
World, map of the, 304 



Yellowstone Park, Colorado, 202 



Zenith, 323 

Zermatt, glacier of, 156 

Zones, 356 



THE END. 
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